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ADVERTISEMENTS. 


M. T. DAVIDSON, 


Principal Office and Works: 
43-53 Keep Street, 
BROOKLYN, N. Y. 
Branches: 77 Liberty Street, N. Y. 
and 60 Oliver Street, Boston. 
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MARINE AIR PUMP, 


AS FURNISHED 


U. S. STEAMER “BANCROFT.” 
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ADVERTISEMENTS. 


ATLAS PORTLAND ‘CEMENT. 


WARRANTED EQUAL TO ANY AND SUPERIOR TO MOST 
OF THE FOREIGN BRANDS. 


OFFICIAL TESTS, Nos. 3567 and 3568, made by the DEPARTMENT 
OF DOCKS, New York, March 31, 1894, being part of con- 
tract No. 464 for 8,000 barrels. 


TENSILE STRENGTH, 7 days, neat cement, . 622 Ibs. 
TENSILE STRENGTH, 7 days, 2 parts sand to 1 of slisistaty, . 332 lbs. 
Pats steamed and boiled, . Satisfactory. 


All of our product is of the first quality, and is the only American Port- 
land Cement that meets the requirements of the U. S. Government and 
the New York Department of Docks. We make no second grade or so- 
called improved cement. 

We furnish QUICK or SLOW Setting Cement, as desired. 


ATLAS CEMENT CO., 


143 Liberty Street, New York City. 


MAGNESIA 


SECTIONAL COVERING 
FOR STEAM PIPES AND BOILERS, 


“THE GREAT COAL SAVER.” 


KEASBEY & MATTISON CO., 


AMBLER, PA. 


REPRESENTED IN WASHINGTON, D. C., BY 


WILLIAM B. MORGAN, 
No. 19, Builders’ Exchange. 


@e- WRITE FOR ADDRESS OF SELLING AGENT NEAREST TO YOU."@a 
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WILLIAMSON BROS., 


ENGINEERS AND MACHINISTS. 
or STEAM STEERING ENGINES. 


USED IN THE 


United States Navy. 


Patent Hoisting 
and 
Winding 

Engines. 


Steam Cranes, 


&e., &e. 
Office wilt Works Richmond and York Streets, Philadelphia, Pa. 


THE ALLEN DEN SE AIR ICE MACHINE. 


Conteius Air Only Used on the New Cruisers and Demanded by the Specifications of the Navy Department. 
H. B. 


41 MAIDEN LANE, NEW YORK. 
DESIGNER AND MANUFA2TURER OF SCREW PROPELLERS. CONSULTING AND CONSTRUCTING ENGINEER. 
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YDRO PNEUMATIC ASH EJECTOR. PISTON WITH ADJUST- 
ABLE SHOE. AIR AND GREASE EXTRACTOR. EVAPORATOR 
AND FEED WATER HEATER. WATER TUBE BOILER. 


1. Hydro-Pneumatic Ash Ejector. 
Avoids dust and noise, Saves coal. Lightens labor. Prevents injury to 
More than 200 now fitted and ordered. 


2. Piston with Adjustable Shoe and Follower. 
Applicable to horizontal and other engines. Takes the wear at proper point 
and guides without tail rod. In use on US. Cruisers “ Baltimore,” 
* Newark,” “ Philadelphia,” &c., and Steamer * Connecticut.”’ 


3. Air and Grease Extractor. 
Prevents grease in boiler. Does not reduce temperature of feed water. Can 


be quickly cleaned. In use on §. S. ** El Rio,” ** Morgan City,”’ &c. 


4. Evaporator and Feed Water Heater. : 
Kuapid in its work. . No pump required. Coils readily shed all deposit. Of 
lizht weight. In use on S. 3S. El Norte,” ** Louisiana,” Yacht “Almy,’’ &c. 


5. Water Tube Boiler. 


Sraight sub-vertical tubes of small diameter. Safe, light and durable. 


All patented in the United States. The Ash Ejector patented abroad. 


HORACE SEH, 


No. One Broadway, - - NEW YORK. 


SELDEN’S PATENT PACKINGS, 


FOR STUFFING BOXES OF ENGINES, PUMPS, 
AIR COMPRESSORS, GLOBE VALVES, ETC. 


HE “SELDEN” is in use in the U. S. Navy, and 
the largest Marine and Stationary plants in this ané) 
other countries, and its merits have been testified to by tht} 
repeated orders where it has once been introduced. Th, 
materials of. which it is composed are entirely free from anf) 
substances which will either score or corrode rods ani 
plungers, and will keep them tight with less friction that 
any packings on the market. A trial will convince you of 
the justice of these claims, It is put up in handy shape for 
the consumer and dealer. 


Round, Batter Gove, , in sizes (varying by sixteenths) from ts 

1 es 

Round with Cosvaa Cone, in sizes (varying by sixteenths) from { te 


RANDOLPH BRANDT, — 
38 CORTLANDT STREET, NEW YORK. 
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PAINT 


OF ALL KINDS 
FOR EVERY POSSIBLE PURPOSE. 
WHITE LEAD 
RED LEAD 
PAINTERS’ COLORS 
ZING WHITES 


French and American. Guaranteed 
strictly pure and of best make and 
preparation. 


ANTI-RUST 
A perfect preservative for structural iron. 
May be applied to hot or cold surfaces. 
Best coating for all sorts of pipe sur- 
faces for all exposures. 


SPECIAL PAINTS 


Large factories and complete equip- 
ment permit the supply of special paints, 
made to any given formula, and in any 
quantity, at shortest notice, with rigid 


ADHERENCE TO SPECIFICATIONS GUARANTEED. 


HARRISON BROTHERS & CO. 


PHILADELPHIA 
CHICACO 
NEW YORK 
on any paint topic. NEW ORLEANS. 


Correspondence solicited 


UST 
pe 
TC. 
vy, and a 
his ané) 
by the 
= 
‘om ang) 
on that 
you of 
iape for 
om 
g by sin 
4 


ADVERTISEMENTs. 


STRATTON SEPARATOR, 


This is the only apparatus that automatically separates water 
from steam, and secures the maximum of 
Economy, Efficiency and Safety. 


Specified by the Navy Department, and used on all the New 
Cruisers of the 


UNITED STATES NAVY, 


and by the Leading 


Steamship Lines, Railroads, 
Water Works and Electric 
Light Companies. 


THE GOUBERT MPG. CO, 


(Sole Manufacturers), 


and 16 Chureh St., cor. > Cortiandt, York. 


WESTINGHOUSE ELECTRIC AND MFG. COMPANY, 


PITTSBURG, PA. 


The Largest and Most Completely Equipped Electrical Manufacturing 
Establishment in the World. 


Power, Incandescent and Arc Poiaittites from the Same Circuits. 


We have purchased and are the SOLE OWNERS of the patents issued to Nikola Tesla for the 
POLY PHASE ALTERNATING SYSTEM, now recognized to be the most successful system for 
lighting and power purposes. 

We furnish complete lines of apparatus for the perfect sosisocet of ISOLATED PLANTS 
for Hotels, Office Buildings, Flats, as well as STEAMERS. 

STANDARD SYSTEMS for distribution — and power in LARGE MANUFACTUR- 
ING ESTABLISHMENTS, MILLS and MINES 


WESTINGHOUSE ELECTRIC RAILWAY SYSTEM, 


The Most Durable, Economical and Efficient on the Market. 


NEW YORK, 120 Broadway. PHILADELPHIA, Girard Building. 

BOSTON, Exchange Building. ST. LOUIS, American Central Building. 

CHICAGO, on York Life Building. CHARLOT TE N. C., 36-38 College Street. 

TACOMA, WASH., 102 S. Tenth Street. SYRACUSE, we , Bastable Building. 

PITT SBURG, Westinghouse SFRANCISC O, Mills Building. 

BUFFALO, Erie Nag Ay Buildin HINGTON, D. C., 1353 F Street, N. W. 
For CANADA, prs AHEARN OPER. Ottawa, Cana 
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ADVERTISEMENTS. 


W. & A. FLETCHER Co, 


North River Iron Works, 


MARINE ENGINES, BOILERS, ETC. 


Hudson, 12th and 14th Streets, 


HOBOKEN, N. J. 


“TAKE Ferry FROM Foot OF WEST 14TH ST., N. Y. 


ASBESTOS FIRE-FELT 


FOR COVERING 


MARINE BOILERS. 


SECTIONAL, 
DURABLE, 
REMOVABLE, 
FIRE-PROOF, 
WATER-PROOF. 


Approved by U. S. NAVY DEPARTMENT. and in use on the NEW 
CRUISERS of the U. S. NAVY. 


H. W. JOHNS MANUFACTURING CO., 


“Sole Manufacturers of H. W. anal A-bestos Roofing, Sheathing, Building Felt, Asbestos Steam 
Packings, Boiler C.-verings, Roof Paints, Fire-Proof Paints, etc. 


VULCABESTON Moulded Piston-Rod Packing Rings,.Gaskets, Sheet Packing, ete. 


Established 1858. 
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ADVERTISEMENTS. 


ORFORD COPPER CO, 


37 Wall Street, New York. 


COPPER INGOTS, WIRE BARS *. CAKES 


Ferro NICKEL 


AND 


Ferro NICKEL OXIDE 


FOR USE IN PREPARING 


NICKEL STEEL FOR ARMOR PLATES. 


R. BERESFORD, 


PRINTER ano BINDER, 


617 E STREET, N. W,, 


CITY OF WASHINGTON. 


Journal of American Society of Naval Engineers Bound in 
Library Style for $1.50 per Volume. 


) ROBERT M. THOMPSON, Prest. 


ADVERTISEMENTS. 


Pressure 


“" Regulator. 
(Reducing Valve) 


ay The Experimental Board of the Bureau of 
Steam Engineering of the U. S. Navy, 
after recent tests, report that it is: 
“THE BEST PRESSURE REGULATOR 
AND REDUCING VALVE WITHIN 


THEIR NOW D ” 
U.S. NAVY STANDARD. = KNOWLEDGE 


FOSTER ENGINEERING CO. 


(FOR SHIPBUILDERS) NEWARK, N. J. 


‘FRESH WATER EVAPORATORS 
AIRN'S FRESH WATER DISTILLERS 
‘AUTOMATIC BOILER FEEDERS 
AUTOMATIC STEAM TRAPS 


1310 Vermont Avenue, Washington, D. C. 


KATZENSTEIN’S Self-Acting Metal Packing, 


For PISTON RODS, VALVE STEMS, etc., of every description, 


for Steam Engines, Pumps, etc. etc. 
4} HN Ld Adopted and in use. by the principal Iron Works and Steamship 
| Companies, within the last twelve years, in this and ge countries. 
; FLEXIBLE TUBULAR METALLIC PACKING, for slip-joints 
on Steam Pipes, and for Hydraulic Pressure ; aiso METAL GASKETS 
for all kinds of flanges and joints. 
For full particulars and reference, address, 


Dovuste-Actinc BALaAxcep Water-TiGHT BuLKHEAD Doors for 
Steamers. Also Agents for the McColl-Cumming Patent Liguip 


Rupper Brake. 
L. KATZENSTEIN & CO., 


General Machinists, Brass Finishers, Engineers’ Supplies, 
357 West Street, New York, 
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ADVERTISEMENTS 


THE STURTEVANT 


STEAM BLOWERS 


FOR (COMBUSTION. 


CATALOGUES 
ON 


APPLICATION, 


B. F. STURTEVANT Co., 


Boston, MAss. 
gt Liberty St., New York, 16S. Canal St., Chicago. 135 N. Third St., Phila. 
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ADVERTISEMENTS. 


SIMS 


ENGINE CO. 


We have furnished over 3500 Engines for 
Electric Light and Power Stations 
in all parts of the world. 


WE BUILD 


SPECIAL ENGINES 


Vertical and Horizontal, 


DIRECT ACTING 


COMPOUND and TRIPLE COMPOUND. 
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ADVERTISEMENTS. 


“SHIP AHOY! 


THE BRAENDER 
utomatic 
Bilge Syphon. 


The Best, Cheapest, and Surest way to 
keep your vessel dry. 


Leading Engineers Endorse it. 


Is reliable at all times; it never tires or 
goes to sleep. A dry bottom in a ship’s 
hold gains SPEED, and is equal to 
MONEY. 


Full Information in Our Booklet. Ask for It. 


PHILIP BRAENDER, 


263 West 118th St., New York 


Exuisit at Worip’s Cotumpian Exposition. 


THE RAND DRILL COMPANY, 


ROCK DRILLS AND MINING MACHINERY, AIR COMPRESSORS WITH 
COMPOUND AIR CYLINDERS AND COMPOUND STEAM 
CYLINDERS, WITH MEYER OR CORLISS VALVES. 

RAND DRILL COMPANY, 23 PARK PLACE, NEW YORK. 
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THE GEO, F. BLAKE M’F’6 


BUILDERS OF EVERY VARIETY OF 


95 & 97 Liberty Street, 
NEW YORK. 


185 Devonshire St., 535 Arch Street, 
BOSTON. PHILADELPHIA. 


STEAM PUMPS FOR NAVAL USE A SPECIALTY 


Send for Illustrated Catalogue. 


Nos. 39 and 41 CORTLANDT STREET, 
Proprietors and Manufacturers of 


WHEELER’S 


IMPROVED 


PATENT 
SURFACE 
ga@= Also, the Wheeler-Admiralty Condenser, with Patent Screw Glands. 
Light Weight Surface Condenser for Steam Launches a Specialty 


N. B.—The following U. S. War Ships are furnished with the Wheeler-Admiralty Condenser, 
combined with Air and Circulating Pumps (mounted arrangement): ‘‘ Dolphin,” * Vesuvius,” 
*«Montgomery,” Detroit,” ‘‘ Minneapolis,” ‘‘ Marblehead,” ‘‘ Iowa,” “ Indiana,” Massa- 
chusetts,” ‘‘ Texas,”’ Brooklyn,”’ ‘‘ New York” and ‘‘ Columbia.”’ 
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MORGAN [RON WORKS, 


Foot East Ninth Street, New York. 


STEAM: MACHINERY 
AND BOILERS, 


FLOATING STEAM DERRICK. 
AMPLE DOCK ROOM. 


JUST WHAT YOU ARE = 
LOOKING FOR! 


THe 


(PATENTED.). 


High GRADE 


FOR STEAM, WATER, GAS, AMMONIA, ETC. 


GARLOCK S RAULIC PACK Og 
Waren 


ROME, GA. 


WHY? 


IT HAS STOOD THE TEST, 
AND IS THE BEST. 


CF 
if 
: 
| 
| | 
SARK / } 
WiTwouT if | AN 
NEW YORK, BOSTON, PHILADELPHIA, CHICAGQ,| Factor, PALMY 
sh RITTSBURGH. ST LOUIS. OMAWA Séwo FOR CATALOGUE PRICES ) 
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CRAMP’S SHIP YARD, 


PHILADELPHIA, PA. 


BATTLE SHIPS, CRUISERS, PASSENGER 
AND FREIGHT STEAMSHIPS, &C. 


Steam Machinery of every description, including 
boilers and all equipment, Marine Engines of any 
desired power, Mining Machinery, Hydraulic Plants, 
both for pumping and for power, Furnace Blower 
Engines, Tank Works; in short, every device or 
appliance embraced in the domain of applied 
mechanics. 


Basin Dry Dock and Marine. Railway. 
Parsons’ Manganese Bronze and White Brass. 
Water Tube Boilers (Niclausse, Mosher, Yarrow). 


Area of Plant, thirty-two acres. Area covered 
by buildings, fifteen acres. Delaware River front, 
1,543 feet. 


Floating Derrick “Atlas;” capacity 130 tons, 
with 60 feet hoist, and 36 feet out-hang of boom. 


Number of Men Employed, about 6,000 in 
all departments. 


At Once, the greatest and most complete Ship and 
Engine Building establishment in the Western 
Hemisphere. 
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VERTICAL DUPLEX BOILER FEED PUMP, 


OF U. S. ARMORED CRUISER * MINNEAPOLIS.” 


The following U. S. Naval Vessels are also furnished with Blake Steam Pumps, viz: ‘‘ Colum- 
bia,” New York,” “ Iowa,” “ Brooklyn,” ‘‘ Philadelphia,” ‘‘ Newark,”’ Chicago,” ‘ Boston,” 
“ Atlanta,” ‘ Massachusetts,’ “‘ Indiana,’”* ‘‘ Maine,”’ *‘ Puritan,’”’ ‘‘ Miantonomoh,”’ Mon- 
adnock,”* “ Terror,”’ ‘‘Amphitrite,” ‘‘ Katahdin,” ‘* Detroit,” Montgomery,”’ ‘‘ Marblehead,” 
Yorktown,” ‘‘ Dolphin,” ‘‘ Machias,”’ “‘ Castine,’’ ‘‘ Petrel,’’ Vesuvius,”’ lwana,”’ Narkeeta,” 
“*Wahneta,” and many others. 
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SPECIAL NOTICE. 


To THE MEMBERS AND ASSOCIATE MEMBERS: 
In accordance with the resolution adopted on January 11, 1896, at the Annual 
Meeting of the Society of American Naval Engineers, the Council takes pleasure in 
offering for competition, according to the rules of the resolution, (printed on page 437 
of this number of the JoURNAL,) the sums of $75 and $25 respectively, and suitable 
medals which will be prepared, for the two best, original papers. The Council will 
award “ Honorable Mention” to such other papers as may deserve this distinction. 

By the broad terms of the resolution, the subject of a paper may be in the form 
of an original essay on any matter suitable for this Society, or it may be on the results 
of original experiment or research. There is no limit to the length of the papers, nor 
in the number of illustrations which may be thought necessary. 

The Council expresses the hope that members and associate members will strive 
for the honors thus bestowed by the Society, and by their original productions enhance 
the growing value of the JOURNAL. 

By direction of the Council. 
Respectfully, 
F. C. BIEG, 
Secretary. Treasurer. 
WASHINGTON, May 15, 1896. 
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(Under whose supervision this number is published) 
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Passed Ass’t Eng’r F. C. Brea, U.S. N. Passed Asst’ Eng’r C. W. Drson, U.S. N 


CONTRACT TRIAL OF THE UNITED STATES COAST 
LINE BATTLESHIP MASSACHUSETTS. 


By Passep AssISTANT ENGINEER C. H. Hayes, U. S. Navy. 


By an act approved June 30, 1890, Congress authorized the 
building of three heavily armored and formidably armed battle- 
ships of the first class, primarily intended for coast defence, but 
to possess sufficient seaworthiness for extended cruises in case 
of offensive operations. They have been named the /udiana, 
Massachusetts and Oregon, and the second vessel of this class to 
be completed, coast line battleship No. 2, the Massachusetts, was 
built by the William Cramp & Sons’ Ship and Engine Building 
Company, of Philadelphia, Pa. The general plans and specifica- 
tions were furnished by the Navy Department, and the detailed 
drawings from these general designs were prepared by the con- 
tractors and submitted to the bureaus concerned for approval as 
the work progressed. 

The contract for this vessel was signed Sheets 18, 1890, 
the price for hull and machinery, exclusive of armor and arma- 
ment, being $3,063,000. 
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238 TRIAL OF THE MASSACHUSETTS. 


The speed guaranteed was 15 knots per hour, to be main- 
tained successfully for four consecutive hours, during which 
period the air pressure in the fire rooms was not to exceed one 
inch of water, the vessel to be weighted to a mean draught of 
24 feet. It was stipulated that for every quarter knot of speed 
maintained above 15 knots the contractors should receive a 
premium, over and above the contract price of the vessel, of 
$25,000, and that for every quarter knot the vessel failed to reach 
the guaranteed speed there should be deducted from the contract 
price the sum of $25,000. 

The first keel plate was laid June 25, 1891, the first frame 
raised July 20, 1891, and the vessel was launched on June 10, 


1893. 
HULL. 


The hull is constructed of mild steel, which, together with all 
other material used in the ship, is of domestic manufacture. 
The thickness of the outer keel plate is # inch, of the inner 
inch, and of the vertical keel } inch. The outer bottom plating 
is 3 inch thick and the inner plating 3 inch. 

There is a double bottom extending from frame 18 to frame 
78, a distance of 240 feet, which runs up to the armor shelf. It 
is 3 feet 3 inches in depth amidships and is divided into 19 
water tight compartments, The frames are spaced 4 feet apart 
within the limits of the double bottom and 3 feet 6 inches apart 
forward and abaft of these limits. Coffer dams, 6 feet wide, 
extend forward and abaft the armor belt, on each side of the 
vessel, from the orlop deck to the berth deck, and are packed 
with compressed cellulose. The transverse bulkheads are car- 
ried through the coffer dams dividing them into compartments, 
which form part of the 270 water tight subdivisions in the ship. 

Hold.—In the hold abaft the engine compartments and forward 
of the boiler compartments are: Coal bunkers, 6-inch and 8-inch 
magazines and shell rooms, fixed ammunition rooms, turning 
gear for 13-inch turrets, store rooms and trimming tanks. 

After platform.—On the after platform are: 13-inch magazines 
and shell rooms, 13-inch handling room, store rooms, steering 
engine and gear. 
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Forward platform.—On the forward platform are: 13-inch mag- 
azines and shell rooms, 13-inch handling room, store rooms. 

Orlop deck. —On the orlop deck, forward and abaft the athwart- 
ship armor, are: Store rooms and fresh water tanks ; and within 
the citadel, coal bunkers, ventilating fans, dynamo room, hy- 
draulic machinery, 8-inch turret turning machinery, air compres- 
sors for torpedo tubes, central station for voice pipes and tele- 
phones, auxiliary magazines for 8-inch, 6-inch and rapid fire guns. 
Outboard on each side is an armored passage extending from 
bulkhead at frame 29 to bulkhead at frame 64. Inboard of the 
armored passage, and extending the same length, is an ammuni- 
tion passage. 

Berth deck—The space on the berth deck is devoted to the 
living quarters for officers and crew, the auxiliary boilers, coal 
bunkers, the refrigerating plant and torpedo rooms. 

Coal bunkers.—There are 30 coal bunkers with a total capacity 
of 1,650 tons at 43 cubic feet to the ton. They are distributed 
as follows: 16 in the hold with a capacity of 1,340 tons; 6 on 
the orlop deck with a capacity 78 tons; 8 on the berth deck 
with a capacity of 232tons. They are filled through chutes and 
trunks fitted between decks. The trunks are fitted with shunt 
doors at the top where they pass through the coal bunkers on 
the berth deck, and vertical doors at the bottom, so that the 
coal can be passed from these bunkers into the trunks, and 
through the orlop deck into the bunkers below. Armored 
shutters are fitted in the trunks where they supply coal to the 
bunkers through the orlop deck. 

There are two ash chutes on each side, on the outside of the 
vessel, semi-oval in shape. The upper ends, of the chutes ex- 
tend above the main deck, where hoppers are formed inside. 
Trolley-ways for carrying the ash buckets are fitted under the 
deck beams above, leading from the ash hoists to the chutes. 

Drainage system.—For draining the compartments there is a 
14-inch main drain pipe on the port side and a 73-inch secondary 
drain pipe on the starboard side, extending in the double bottom 
throughout the engine and boiler compartments. Each pipe has 
branches leading to a cistern in each compartment and is fitted 
with screw-down non-return valves. The main drain pipe is con- 
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240 TRIAL OF THE MASSACHUSETTS. 
nected with the port main circulating pump, and through the 
manifolds with four engine room auxiliary pumps. The second- 
ary drain pipe is connected through the manifolds with the suc- 
tions of eight of the auxiliary pumps. The auxiliary feed pumps 
are connected with the bilge of the boiler compartments, and the 
fire and bilge pumps with the bilge of the engine compartments 
and also with the bilge of the compartment next abaft the engine 
rooms. The side compartments empty directly into the midship 
compartments by means of water tight sluices on the bulkheads, 
The compartments at the extremities drain into the compart- 
ments at the ends of the main drain pipe by means of gun-metal 
sluices. Each compartment within the double bottom has its 
own suction, and these suctions lead to valve boxes placed in the 
engine rooms. The suctions forward and abaft the limits of the 
double bottom are led to valve boxes located in the fire rooms 
and engine rooms respectively. A drain valve is fitted to each 
compartment above the platform decks, with a strainer box over 
it, and with a pipe leading to the bilge. For draining above the 
orlop deck, forward and aft, screw-down valves are fitted in the 
armor deck, two forward and two aft, with sluice valves in the 
store room and other bulkheads; from these valves pipes lead 
the water to the main drain pipe. The waste water from the 
bath and wash rooms is led by pipes to tanks located in the am- 
munition passages, and is pumped overboard by a Blake plunger 
pump, with steam cylinder 44 inches diameter, plunger 3? inches 
diameter, and stroke 7 inches. 
The following boats are carried: 

1 33-foot steam cutter. 
30-foot steam cutter. 
29-foot whale boats. 
30-foot whale boat gig. 
32-foot sailing launch. 
28-foot cutters. 
26-foot cutter. 
24-foot cutter. 
20-foot dinghies. 
Balsa. 
Punts. 
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Length between perpendiculars, feet 
on L.W.L., feet 
over all (including rudder), feet and inch 
Beam, extreme, feet and inches : 
at L.W.L., feet and inches 
Ratio of length to beam 
Depth in hold from top of main deck beams to top of floor, feet 
Height of superstructure above main deck beams, feet and inches 
Draught forward, seagoing trim, feet 
aft, seagoing trim, feet 
mean, seagoing trim, feet. 
Displacement, seagoing trim (load draught), tons 
pet inch, at L.W.L., tons 
Area of immersed midship section, square feet 
L.W.L. plane, square feet. 
Center of gravity of L.W.L. plane, aft of midship section (frame No. 45), ft. 
buoyancy above bottom of keel, feet 
aft of midship section, feet 
gravity above bottom of keel, feet 
Transverse metacenter above center of buoyancy, feet 
Longitudinal metacenter above center of buoyancy, feet 
Transverse G. M., metacentric height, feet and inches 
Longitudinal G, M., feet 
Coefficient of fineness on extreme dimensions 


Cylindrical coefficient 
Number of frames 


ARMOR. 


The armor protection consists of a side or water line belt of 
harveyized nickel steel, extending for a distance of about 150 
feet abreast of the machinery and boiler spaces, and to the bases 
of the 13-inch gun turrets. This belt is 3 feet above and 4 feet 
6 inches below the normal load water line amidships, diminish- 
ing to 4 feet 2} inches below the load water-line at the ends. 
The outside surface conforms to the shape of the vessel, with a 
thickness of 18 inches at the top of the belt, and extending 
downward 4 feet, from which point it is beveled to a minimum 
thickness of 8 inches at the top of the armor shelf. 

At each end of the water line belt is an athwartship diagonal 
belt of nickel steel 14 inches thick, carried forward. and aft to a 
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segment of a circle amidships coincident with that of the main 
barbettes, thus completing the armored citadel. 

The citadel is covered with an armored deck of nickel steel, 23 
inches thick, and forward and abaft the citadel there are protect- 
ive decks of 3-inch nickel steel. Above the 18-inch side belt, 
extending to the main deck, there is a casemate of 5-inch nickel 
steel armor, made up of two }-inch plates and one 4-inch plate. 

The armor of the turrets for the 13-inch guns is of harveyized 
nickel steel 15 inches thick, and the barbettes protecting the 
bases of these turrets are of the same material, 17 inches in 
thickness. 

For the turrets of the 8-inch guns, harveyized nickel steel 
armor 6 inches thick is used, the bases of these turrets being 
protected by barbettes with armor of the same material, 8 inches 
thick on the outboard sides and 6 inches thick on the inboard 
sides. The top plating of all turrets is 2 inches thick, and of the 
sighting towers, 5 inches and 3 inches thick. 

The armored protection of the 6-inch guns is of nickel steel 5 
inches thick, made up of two inner thicknesses of 4 inch each 
and an outer thickness of 4 inches. For the 6-pounder guns on 
the main deck it is 2 inches thick, and for the 1-pounder guns 
at the ends of the vessel, the protection consists in having the 
plating increased to a total thickness of 2 inches in wake of the 
ports, so that it will act as a shield. 

The conning tower is located above the superstructure deck ; 
it is of nickel steel, forged hollow in one piece, 10 inches thick, 
and has an internal diameter of 6 feet 11 inches. 

An armored tube, 7 inches thick and 12 inches internal diameter, 
extends from the conning tower to the armored deck and protects 
the electric wires, voice tubes, connection to engine room tele- 
graphs, steering gear and engine tell tales. There is also a tube 
of 3-inch nickel steel, 54 inches inside diameter, which protects 
the turning tubes of each 8-inch gun turret and the ammunition 
passage to the 8-inch guns. 


ARMAMENT. 


The main battery consists of four 13-inch breech loading rifles, 
35 calibers, mounted in pairs in the two main turrets; eight 8- 
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inch breech loading rifles, 35 calibers, mounted in pairs in the 
four turrets on the superstructure ; and four 6-inch breech load- 
ing rifles, two on each side, on the main deck within the super- 
structure. 

The secondary battery consists of twenty 6-pounder Hotchkiss 
rapid fire guns; six 1-pounder Hotchkiss rapid fire guns; and 
four light machine guns in the military tops. 

The 13-inch turrets are worked by steam, and the guns by hy- 
draulic power; the 8-inch turrets by steam power, and the guns 
by hand. The 6-inch guns are worked by hand on central pivot 
carriages. 

There are six tubes for Whitehead torpedoes, two on each side, 
one in the bow, and one in the stern, all discharging directly 
from the berth deck. Of these tubes, the port after broadside 
one has been temporarily removed to give additional space for 
one stateroom for junior officers, but it is held in readiness for 
reinstallation whenever needed. 

The weight of projectile thrown from the main and secondary 


battery in broadside at one discharge is 5,664 pounds; and from 
the main and secondary battery at one complete discharge is 
6,926 pounds. 


MAIN ENGINES. 


There are two vertical inverted, direct acting, triple expansion 
engines placed abreast of each other in separate water tight com- 
partments, the high pressure cylinders being forward. 

Each cylinder is supported by an inverted cast-steel Y frame 
on one side, and by two hollow forged-steel cylindrical columns 
on the other. The intermediate and low pressure cylinders are 
steam jacketed on the sides and bottom, but the high pressure 
are not, but are fitted with working liners. There are no start- 
ing valves on the cylinders, provision being made for starting 
the engines by admitting live steam to the receivers. The relief 
valves for the cylinders are placed on the valve chest casings, on 
connections between the steam and exhaust sides of the main 
valves. There are two receivers for each engine, consisting of 
exhaust pipes and valve chests, the safety valves of which are 
set at 100 pounds for the I.P. and 60 pounds for the L.P. The 
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main valves are of the single ported piston type, there being for 
each engine, one for the H.P., two for the I.P. and four for the 
L.P. cylinder. They are provided with balance pistons, the 
cylinders of which form part of the upper covers of the valve 
chests. The valve gear is of the Stephenson type with double 
barlinks. There are no independent cut-off valves, but provision 
is made to cut off in each cylinder, varying from .5 to .7 of the 
stroke, by means of a block to which the suspension links are 
attached, which block can be moved by hand screw gear in a 
slot in the end of the arm on the reversing shaft. 

The main pistons are steel castings, dished, and are each fitted 
with two packing rings 3 inch wide and # inch thick. The pis- 
ton rods and connecting rods are of forged steel. The cross- 
heads are of forged steel, and each has a manganese bronze 
slipper, the sliding faces of which are fitted with white metal. The 
crosshead guide to take the thrust when going ahead is of cast 
iron bolted to the inverted ¥Y frame. The back of the guide is 
recessed and covered with wrought-iron plates to form a 
passage for circulation of water. Cast-iron lips are bolted on 
each side of the go-ahead guide to take the thrust when backing. 
The eccentrics are of cast iron. Each backing eccentric is 
securely keyed on the shaft, and each go-ahead eccentric is se- 
cured to the corresponding backing one by through bolts in 
slotted holes. The eccentric straps are of composition, faced 
with white metal, and the eccentric rods of forged steel. The I. 
P.and L.P. valve stems have manganese bronze crossheads which 
take hold of the link blocks directly. Each engine bed plate 
consists of three sections of steel castings. The steam revers- 
ing gear consists of a cylinder 14 inches in diameter and 20 
inches stroke, secured to an engine Y frame, the piston rod be- 
ing connected to an arm on the reversing shaft. The valve is 
moved by a hand lever and is controlled by a floating lever. The 
hand reversing gear consists of a wheel, worm shaft, pinion and 
rack, the latter being connected to an arm on the reversing shaft. 

There is a double cylinder, simple, inverted, turning engine 
with cylinders 7 inches in diameter and 7 inches stroke secured 
to the high pressure Y frame. It drives a worm wheel on the 
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forward end of the high pressure crank shaft by means of worm 
gearing and a second worm; the latter is made to slide on a 
feather key, and is held in place by a collar below and a remov- 
able key above it. A ratchet is fitted to the shaft of the engine 
for turning by hand. 

Each main engine is fitted with a disc stop valve 13} inches in 
diameter, having a screw stem and a balance piston, and a butter- 
fly throttle 154 inches in diameter. The main steam pipes are of 
copper and strengthened with steel bands 6 inches apart. 

In the port engine room there is a distributing oil tank sup- 
plied from the main oil tanks by a Blake duplex pump, steam 
cylinders 2 inches in diameter, oil cylinders 1} inches in diameter, 
stroke 2# inches. The tank is fitted with an overflow pipe. Dis- 
tributing pipes lead to the various manifolds which are fitted 
with adjusting valves, and from the manifolds, tubes lead to the 
various parts to be lubricated. The suction pipe of the pump is 
fitted with a strainer. 


Valves, diameter of H.P. (one for each cylinder) inches....................00e000+ 17 

diameter of I.P. (two for each cylinder), inches....................eeeee0e 17 
‘diameter of L.P. (four for each cylinder), inches....................0200e0 17 

Balance pistons, diameter of H.P., 5} 

H.P. (1) diameter through valve, inches...............sssseseeeeeeees 1} 

I.P. (2) diameter through valve, inches...............csessesseeeeeees 1} 

L.P. (4) diameter through valve, inches...............sccscsscecseeee 1} 


Main steam pipe (13 inches diameter) area of cross section, square inches..... 132.73 
Exhaust pipe to I.P. cylinder (163 inches diameter) area of cross section, 


to L.P. cylinder (204 inches diameter) area of cross section, 


to condenser (2) (184 inches diameter) area of combined cross 
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Volume swept by H.P. piston per stroke, cubic feet 
I.P. piston, per stroke 
L.P. piston, per stroke, cubic feet 
Ratio of net area of H.P. to I. P. pistons 
1.P. to L.P. pistons 


Starboard, .. { Top 
Bottom 


Clearance of H.P. cylinder per cent... 


Starboard... { Top 
Clearance of I.P. cylinder, per cent... Bottom 


Starboard... § Top 
‘Clearance of L.P. cylinder, per cet. Bottom 


Piston rods, diameter, inches 
length from piston to crosshead, feet and inches 
Connecting rods, length from center to center, feet 
diameter of upper end, inches 
diameter of lower end, inches 
thickness (sides as faced), inches 
crosshead bolts (4), diameter, inches,,.............ssseeeeeeseeeees 
crank pin bolts (2), diameter, inches 
Crossheads, surface (ahead), square inches 4 
Outside crosshead pins (2) diameter, inches 
Crosshead pins, length, inches 
Reversing gear, steam cylinder, diameter, inches 
stroke, inches 


Shafting and Bearings —The crank, line and propeller shafting 
is hollow and of forged steel. The crank shaft of each engine is 
in three interchangeable sections, the cranks placed at angles of 
120 degrees, and for the ahead motion follow in the order H.P., 
I.P.and L.P. There are two sections of line shafting to each 
engine supported on three bearings. The propeller shafts are 
fitted with a composition casing from inboard the stern tube stuff- 
ing box to the propellers; they extend far enough inboard to 
allow the inboard stern bearings to be withdrawn without moving 
the shafts. The shaft coupling bolts are tapered and finished to 
fit the holes snugly. They are put in from the after side of the 
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coupling and are set up on the forward side with a wrought-iron 
nut and split pin. 

Each thrust bearing is of cast iron of the horse shoe pattern. 
The end and side walls of the pedestal form an oil trough outside 
of which, both forward and aft the horse shoes, is a composition 
bearing lined with white metal for taking the weight of the shaft. 
The cap of this bearing is of cast iron lined with white metal. 
The horse shoes, eleven in number, are 21 inches in diameter, of 
a mixture of cast iron and steel lined with white metal, and 
adjusted by brass nuts on steel side rods 3 inches in diameter. 
There is an oil cup in the top of each horse shoe, from which 
there is an oil hole to each collar, the white metal being chan- 
neled for the distribution of the oil. At each end of the bearing 
there is a divided stuffing box and gland to prevent the escape 
of oil. The pedestal is bolted to a cast-iron sole plate fitted with 
wrought-iron wedges at each end of the pedestal for adjusting 
the bearing fore and aft. 


Crank shafts, diameter inches 
axial hole, inches 
coupling discs, diameter, inches 
coupling discs, thickness, inches 34 
tapered coupling bolts in one flange (6), diameter, inches..,.. 34 to 344 
journals, length, inches 
length of each section, feet and inches .............c0scseeeeeeees 
Crank pins, diameter, inches 
length, inches 
axial hole, inches 
Crank webs, width, inches 
Torust shafts, diameter, inches 
diameter of coupling disc, inches,..........ccsccccsescsovsceceesene 
axial hole, inches 
collars, number each shaft 
collars, diameter, inches 
collars, distance between, inches . 
surface, total for both engines, square inches.,...........ss0e000 4353-18 
length, feet and inches 
Line shafts, diameter, inches 
axial hole, inches 
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Line shafts, diameter of coupling discs, inches..................ceeeeceeceeceeeees 
(2) total length, feet 
Propeller shafts, diameter, inches 
axial hole, inches 
diameter of coupling discs, inches ................cseceeeeeeees 
length, feet and inches 
Stern bracket bearing, length, inches 
diameter, inches 
alt, inches 


Stern tube bearing, length } 


There are six coupling bolts for each section of shafting. 
They are taper, from 34 to 3}4 inches in diameter. 

Main Condensers.—There are two main condensers, one for 
each engine, of cast composition, in five sections, including the 
heads, and bolted together. The circulating water passes through 
the tubes. Baffle plates are fitted to direct the steam over the 
tubes, and plates are provided for supporting the tubes and also 
to act as baffle plates. 


Diameter of shell (inside) feet and inches.................cccccorcsccscessecseoces 5-9 
Thickness of shell, inch 
Length over water heads, feet 
Tubes, diameter (outside), inch 
length between heads, feet and inches.................sccseeesceeeeceees 10 -3 
thickness, No. 20 B.W.G., inch 
number in each condenser 
Cooling surface, each condenser, square feet,.............ceccsccecescsceecseceees 6 
total, square feet 
I to 1.356 


Ratio of total cooling to total heating surface ‘ oe : 
Main and auxiliary boilers, I to 1.51 


Auxiliary Condensers.—There is in each engine room a Wheeler 
condenser connected with the auxiliary exhaust pipes. Each has 
a horizontal combined air and circulating pump of Blake type, 
the steam cylinder being between the water cylinders, and all 
the pistons being on one rod. The tubes are arranged and 
packed as in the main condensers. 


Cooling surface, one condenser, square feet 

Diameter of steam cylinder, inches 
water cylinder (circulating), inches ...............c0sccscoscsssescocoresoees 
air pump cylinder, inches 

Stroke, common, inches 
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Main Air Pumps.—For each main engine there is a Blake 
double, vertical, single acting air pump, similar to those on the 
Minneapolis. The steam cylinders are placed directly over the 
pump cylinders, the pump rods and piston rods forming a con- 
tinuous length. The pumps are connected by means of a beam, 
which is pivoted at its center, and from which beam the valve 
motion is actuated. The beam receives its motion through links 
swinging from crossheads on the pump and piston rods. 


Kind and diameter of pump valves (vulcanized rubber), inches.................... 53 
Ratio of volume swept by L.P. piston, per stroke, to that of the two air pump 


Main Circulating Pumps.—F¥or each main condenser there is a 
centrifugal double inlet circulating pump, which is arranged to 
draw from the sea, bilge and main drain pipe, and to discharge 
either info the condenser or directly overboard. It is driven by 
a horizontal single cylinder engine. Each pump is capable of 
discharging 9,000 gallons of water per minute from the bilge. 
The sea and bilge injection valves are fitted with a self-locking 
arrangement so that both cannot be opened at the same time. 


Screw Propellers—The propellers are of manganese bronze, 
each with three adjustable blades bent back 15} degrees. They 
are true screws, with the pitch variable from 14 feet 3 inches to 
16 feet 3 inches. Each boss is secured to the shaft by a feather 
key and a wrought-steel nut screwed on and locked in place. 
The end of the hub is covered with a composition cap. 
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Number of blades. 
Diameter, feet and inches 
of hub, feet and inches 
Pitch as set, feet 
Greatest width of blade (4 feet from axis), inches................::ccseeeeeceeees 
Helicoidal area of each screw, square feet 
Projected area, square feet 
Disc area, square feet 
Pitch -—— diameter 


Projected area + disc area 
Immersion of center at mean draught (23.88 feet), feet 
Center above lowest point of keel, feet 
from center line of vessel, feet and inches 


BOILERS. 


There are four double-ended main and two single-ended aux- 
iliary steel boilers of the horizontal fire tube type. Each main 
boiler has eight, and each auxiliary boiler two corrugated fur- 


naces. The shell of each main boiler is made up of three courses 
of three plateseach. The longitudinal joints of the shells of the 
main boilers are treble riveted with double butt straps, and the 
circumferential joints are lapped and treble riveted. The shell 
of each auxiliary boiler is in one course of two plates, double butt 
strapped and treble riveted, the joints with the heads lapped and 
double riveted. The joints in furnaces and combustion chambers 
are single riveted. The heads of the main boilers are flat; those 
of the auxiliaries are curved at the top to a radius of 2 feet 2} 
inches for the front head, and 2 feet 13? inches for the back head. 
The furnaces are fitted with “‘ Cone’s” patent shaking grate bars. 
Each main boiler has one quadruple 34-inch safety valve in one 
case, and each auxiliary boiler one 3-inch double safety valve in 
one case. Weir's hydrokineters are fitted to each main boiler for 
circulating the water while raising steam if there is steam in one 
boiler. The auxiliary feed pumps can be used to circulate the 
water, pumping from the bottom blow and delivering through 
the auxiliary feed checks, the main and auxiliary internal feed 
pipes being connected and arranged to give a good distribution 
of the water. The tubes in all boilers are of steel. 
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The main boilers are located fore and aft in four water tight 
compartments. There is a passageway amidships extending from 
the athwartship engine room bulkhead to the athwartship bulk- 
head of the forward fire rooms, and in this passageway there 
are water tight doors to each fire room. By this arrangement 
there are two athwartship fire rooms in each main boiler compart- 
ment, and eight main fire rooms in all. The auxiliary boilers 
are located on the berth deck in separate boiler rooms. There 
are two main and two auxiliary smoke pipes, the latter running 
up inside the former. 

MAIN BOILERS. 


Steam pressure, pounds 
Number of boilers 
Length, outside to outside of tube beads, feet 
Diameter, outside, feet 
heads, top, inch.......... = 
bottom, inch 
tube sheets, inch 
furnaces, inch 
Combustion chambers, number in each boiler. 
thickness of plates, inch 
width at top, inside, feet and inches 
depth, feet and inches 
Furnaces, greatest external diameter, feet and inches 
least internal diameter, feet 
length of grate, feet and inches 
number in each boiler (corrugated) 
Tubes, outside diameter, inches 
length between tube sheets, feet and inches 
number of ordinary 
number of stay 
spaced vertically, inches 
horizontally, inches. 
thickness of ordinary, B.W G. No. 12, inch 
Diameter of rivets in shell sheets, inches 
screw stays, inches 
Number and diameter of through upper braces, inches 
lower braces, inches 
braces around lower manholes, inches............. 
from head to back tube sheets, inches.... 20 of 2 
Heating surface, tube, square 3,647.5 
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Heating surface, furnace, square 


combustion chambers, square feet...............csseceeceeeeees 418 
total, square 4.310.5 
' Volume of furnaces and combustion chambers above grates, cubic feet..... 559.93 
Steam room, water six inches above tubes, cubic feet..................cceceeeee 737-41 
Water surface, water six inches above tubes, square feet.................0.0068 239.22 
height above lowest grates, feet..............cessscccssocssces 70 
Number and diameter of safety valves (four on one base), inches........... 4 of 34 
Diameter of boiler main stop valves, inches,.................sscceeeeceececseeeeee 9 
auxiliary stop valves, inches.................ssccscesssevecees 5 
Totals for four boilers: 
combustion chambers, square feet................2eeeeeeees 1,672 
Volume of furnaces and combustion chambers above grates, cubic feet, 2,239.72 
| Ratios : 
Volume of furnaces and combustion chambers above grates to G.S...... 
AUXILIARY BOILERS. 
| Length; outside to outside of tube beads, feet and inches,..................+- 8-6 


Combustion chambers, number in each boiler................cscceceeceeeeceeeee 
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Combustion chambers, thickness of plates, inch 
width at top, inside, inches............ res 
Furnaces, greatest external diameter, feet and inches.......... Fes eat 
least internal diameter, feet and inches 
length of grate, feet 
number in each boiler, corrugated 
length between tube sheets, feet and inches 
number of ordinary 
number of stay. 
spaced vertically, inches 
spaced horizontally, inches............ 
thickness of ordinary, B.W.G. No. 12, inch 
thickness of stay, B.W.G. No. 6, inch. 
Diameter of rivets in shell sheets, inch 
Diameter of screw stays, inches 
Number and diameter of through upper braces, inches. 
lower braces, inches ............0sse0 2 of 17%, 1 of 1} 
braces from head to back tube sheets, inches,,.2 of 2, 2 of 14% 
Heating surface, tube, square feet 
furnaces, square feet ee 
combustion chambers, square 96.25 
total, square feet 976.32 
Grate surface, square feet 32 
Area through tubes, square feet fabs 5-43 
over bridge walls, square feet 2.62 
Volume of furnaces and combustion chambers above grates, cubic feet.. 104.58 
Steam room, water six inches above tubes, cubic feet 114 
Water surface, water six inches above tubes, square feet 72.94 
Smoke pipes (2), diameter, feet and inches.................ccececeeeeceeeeeees 2-3} 
area of both, square feet 8.4 
height above lowest grates, feet and inches .................. 46-7 
Number and diameter of safety valves (2 on one base), inches 2 of 3 
Diameter of boiler stop valves, inches 5 
Totals for two boilers : 
Heating surface, tube, square feet 1,649.34 
furnaces, square feet 110.8 
combustion chambers, square feet 192.5 
total, square feet 1,952.64 
Grate surface, square feet............. 
Area through tubes, square 
over bridge walls, square feet. 
Volume of furnaces and combustion chambers above grates, cubic feet, 
steam room, cubic feet... 
Area of water surface, square feet.............scceecssecseeceeees 
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Ratios : 


BIS. 06 3 tol 


Volume of furnaces and combustion chambers above grates to G.S..... 327 tol 
Totals for all boilers : 


combustion chambers, square feet.................00.0000+ 1,864.5 
over bridge walls, square 67.48 
Volume of furnaces and combustion chambers above grates, cubic feet, 2,448.88 
Ratios of all boilers: — 
Comieetion camber PES. 3-03 tor 


Volume of furnaces and combustion chambers above grates to G.S.... 3.97. tol 


Forced Draft.—The closed fire room system of forced draft is 
used. The airis supplied by ten Sturtevant blowers, one in each 
main and in each auxiliary fire room. The fans are driven by 
two cylinder, vertical, simple, enclosed engines with cranks at 


180 degrees. 


BLOWERS IN MAIN FIRE ROOMS. 


Diameter of steam: cylinders, .. 
Area of induction nozzle, square inches..................cccccccccescocsesseseccescece 1,060.7 


BLOWERS IN AUXILIARY FIRE ROOMS. 


TRIAL OF THE MASSACHUSETTS. 


Diameter of piston rod, inch 

Diameter of fan, inches 

Width of fan at rim, inches 

Area of induction nozzle, square inches, 
eduction nozzle, square inches 


Ventilating Fans—There is in each engine room a Sturtevant 
ventilating fan, which is used only for engine room service. For 
ventilating the ship generally, there are four fans situated on the 
orlop deck, and they are so arranged, by means of reversible 
valves, as to exhaust from, or force air to the various parts of 
the ship. The fans are driven by engines similar to those of the 
forced draft blowers. 


Diameter of steam cylinders (2), inches 
Stroke, inches 

Diameter of piston rods, inch 

Diameter of fan, inches 

Width of fan, inches. 


Feed Pumps.—In each feeding fire room of the main boilers, 
and in each fire room of the auxiliary boilers, there are two 
vertical, duplex, double acting Blake pumps, one for the main and 
one for the auxiliary feed. The main and auxiliary feed systems 
are not connected, but any pump can be used to feed any boiler. 
The main feed pumps draw from the feed tanks and deliver only 
to the boilers. The auxiliary feed pumps draw from the feed 
tanks, sea, bilge, secondary drain pipe and boilers, and deliver 
into the boilers, fire main and overboard. The dimensions of 
the pumps in the main fire rooms are: Steam cylinders, 8 inches 
diameter ; water cylinders, 5 inches diameter ; stroke, 12 inches. 
The capacity of each pump is 200 gallons per minute. Those 
in the auxiliary fire rooms are: Steam cylinders, 6 inches diame- 
ter; water cylinders, 44 inches diameter; stroke, 7 inches. The 
capacity of each pump is 100 gallons per minute. 

Feed, Fire and Bilge Pumps—lIn each engine room there is a 
vertical, duplex, double acting Blake pump. which draws from 
the sea, the bilge, the secondary drain pipe, the drainage cistern, 
the feed tanks and the air pump suctions, and delivers into the 
main and auxiliary feed pipes, the fire main and overboard. 


j 
} 
255 
36 _ 
| 
| 
i 
| 
Z 
LQ 
| 
| 
— 
i 
; 
| 
j 
| 
| 
} 
— 
‘ 


256 TRIAL OF THE MASSACHUSETTS. 


Their dimensions are: Steam cylinders, 12 inches diameter ; 
water cylinders, 7 inches diameter; stroke, 12 inches. The 
capacity of each pump is 400 gallons per minute. 

Fire and Bilge Pumps.—In each engine room there is a vertical, 
duplex, double acting Blake pump which draws from the sea, 
the bilge, the secondary drain pipe and the drainage cistern, and 
delivers into the fire main and overboard. Their dimensions are: 
Steam cylinders, 12 inches diameter; water cylinders, 7 inches 
diameter; stroke, 12 inches. The capacity of each pump is 400 
gallons per minute. 

Water Service Pumps.—In each engine room there is a vertical, 
duplex, double acting Blake pump which draws from the sea, 
and delivers into the water service pipes and fire main. Their 
dimensions are: Steam cylinders, 8 inches diameter, water cylin- 
ders, § inches diameter; stroke, 12 inches. The capacity of 
each pump is 200 gallons per minute. 


LIST OF STEAM PUMPS. 


Location— | 
room. | 


Purpose. Suction from— 


2 main air pumps Vertical twin .... Engine | Condensers... 
2 main circulating ... Centrifugal Engine | Sea or bilge 
4 main feed --.| Vertical duplex............| Main boiler...) Feed tanks... 
4 auxiliary feed Vertical duplex.......+«..-| Main boiler... | Sea, tanks, bil 
| oilers. 
2 auxiliary boiler main feed...... Vertical duplex... --| Aux’y boiler.) Feed tanks.. 
2 auxiliary boiler aux. yore Vertical duplex... . | Aux’y boiler..; Sea or tanks.. 
2 feed, fire and bilge... sees) Vertical duplex.... -.| Engine Sea, tanks or bilge.. J 
2 fire and bilge Vertical duplex.... NINE... Sea or bilge 
2 WALEF . Vertical duplex.... «| Engine... 
2 auxiliary air and circulating (Combined) single ..| Engine... 
2 distiller circulating Horizontal single .........| Engine... 
2 evaporator, feed and tank...... Horizontal single.........| Engine : 
2 evaporator, brine Horizontal single.........| Engine... 
waste water tank.. Horizontal plunger ......| After uptake..| Drainage tanks...... 
2 hydraulic Horizontal duplex Hydraulic.....; Accumulator tank.. 


There are eight pumps with bilge connections having an ag- 
gregate capacity of 2,400 gallons per minute, which, added to 
that of the circulating pumps, makes a total of 20,400 gallons 
per minute. 

Steam Traps—The separators, jackets, main and auxiliary 


| | Gals. 
| per 
min- 
| ute 
| each 
| ‘pump. 
9,000 
200 
200 
100 
100 
400 
400 
200 
400 
85 
4 
; 4 
40 
500 
5 
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steam pipes, radiators and all places where condensed steam can 
accumulate are fitted with drain pipes and cocks or valves. 
These drain pipes are connected with fourteen Watson and 
Miiller automatic traps and three Chapman Columbia traps, 
which discharge into the feed tanks. All traps are provided with 
by-pass pipes and valves for convenience in overhauling. 

Ash Hoists —In each main fire room hatch there is a William- 
son double, reversible ash hoist, by means of which one bucket 
of ashes of 300 pounds (with a steam pressure of 60 pounds) can 
be hoisted in 5 seconds. The steam cylinders are 4} inches in 
diameter, with a piston stroke of 4} inches. 

Grease Extractors —There is a grease extractor in each feeding 
fireroom. It is similar toa Macomb strainer ; the basket is per- 
forated and covered with burlap through which the water filters. 
By-pass pipes and valves are fitted to feed the boilers while over- 
hauling the extractor. 

Feed Tanks.—There is a feed tank, of 1,000 gallons capacity, 
in each engine room. A part of the tank is fitted as a filter into 
which the water from the air pumps is delivered. The filter is 
provided with sponges, which are readily accessible. Each tank 
has a man-hole, glass water gauge, shut-off cocks, and drain cocks. 
An overflow pipe is fitted and so arranged that any water passing 
down it may be seen. Each feed pump suction is provided with 
a balanced valve operated by a copper float in the feed tank and 
so arranged that no air will enter the feed pipes. 

Workshop —The workshop is situated on a platform in the after 
part of the engine rooms. It is fitted with a vertical engine, 6 
inches by 6 inches, a lathe, a shaping machine, a double-geared 
drilling machine, a grind stone and an emery wheel. 

Distilling Apparatus.—There are two Baird distillers and two 
Baird evaporators with a maximum distilling capacity of 5,500 gal- 
lons of potable water in twenty-four hours; the ordinary capac- 
ity is 4.000 gallons. A Davidson pump (steam cylinder, 4} 
inches diameter; water cylinder, 5 inches diameter; stroke, 8 
inches) is used to circulate the water through the distillers. 
After leaving the distillers the circulating water passes through 
the flushing pipes, and by-pass valves and pipes are fitted so that 
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the water can enter the flushing pipes without passing through 
the distillers. A horizontal combined pump is used to feed the 
evaporators and to deliver the water from the filters to the ship's 
tanks; it has a steam cylinder 2} inches diameter, water cylin- 
ders 1} inches diameter, and a stroke of 3 inches. There isa 
pump to deliver the drain water from the evaporators into the 
feed tank; it has a steam cylinder 2} inches diameter; a water 
cylinder 1} inches diameter, and a stroke of 3 inches. 

Steam Cutters.—There are two steam cutters, one 33 feet, and 
the other 30 feet long. They have Towne boilers, compound 
engines and keel condensers. The cylinders for the 33-foot 
cutter are 4 inches and 7 inches diameter by 7 inches stroke, 
and those for the 30-foot cutter, 34 inches and 7 inches diameter 
by 6 inches stroke. 

Telegraphs and Revolution Indicators.—There is a Cory mechan- 
ical telegraph in each engine room connected to transmitters in 
conning tower, pilot house and bridge, and a mechanical gong 
in each engine room with bell pulls at the steering wheels at after 
part of the superstructure deck. Mechanical tell-tales are fitted 
on the bridge and in the conning tower to show the direction of 
revolution of the main engines. In each engine room there are 
two mechanical indicators to show the speed and direction of 
revolution of each propeller. The two indicators are connected 
and each has two hands, a red one which turns with the port 
engine, and a green one which turns with the starboard engine. 
The hands can be turned on their shafts like the hands of a clock, 
so that by setting them together the relative speeds of the propel- 
lers can be seen as the hands separate or remain together in their 
revolutions over the dial of the indicator. . 

Telephones and Voice Pipes. —For communication between the 
various parts of the ship there is a complete system of telephones, 
and voice pipes with call bells. The most important stations are 
connected direct with voice pipes, but for general purposes, in 
order to lessen the number of pipes, a central station is used. 

Steering Engine-—On the after platform deck there is a Wil- 
liamson combined hand and steam steering engine; cylinders, 13 
inches diameter; stroke, 10 inches. The engine is connected to 
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a horizontal fore-and-aft shaft, on the after end of which is a right- 
and-left-hand screw. The screw works in two crossheads, one on 
the starboard and one on the port side, and the rudder yoke is 
connected by rods to these crossheads. With the steam gear, 
the rudder can be put hard over from amidships in 10 seconds 
when the ship is going full speed. 

Steam Windlass—On the main deck forward there is a steam 
windlass, built by the American Ship Windlass Company. The 
engine is reversible, double cylinder, vertical, direct acting, with 
cylinders 15 inches in diameter, and a stroke of 14 inches. The 
windlass is fitted with four wild cats to take the chains, also two 
drums or gypsies to take hawsers. 

Steam Winches.—There are four double cylinder Williamson 
reversible winches or hoisting engines situated on the main deck, 
two forward and two aft. Each has one drum for wire rope and 
two gypsies for hawsers. Steam cylinders, 8 inches diameter, 
stroke, 8 inches. There are also two winches, of the same size 
as the above, situated on the superstructure deck, for hoisting 
boats. 

Ice Machine.—There is an Allen dense air machine with a 
normal capacity of one ton of ice per day, or 200 pounds of ice 
and at the same time keeping the refrigerating rooms near the 
freezing point, ahd cooling 300 gallons of water to 40 degrees 
Fahrenheit. Steam cylinder, 7 inches diameter ; air compressor 
cylinder, 5? inches diameter; air expansion cylinder, 4? inches 
diameter; stroke, 10 inches. The circulating water and primer 
pumps are single acting, each 13 inches diameter and 10 inches 
stroke. 

The: following are the results of a five hours’ trial of the ice 
machine for this vessel. 

The machine was started at 2 P. M., January 15, 1895, on brine 
tank, cooling chloride of calcium; at 2.30 P. M. it was turned on 
the refrigerating rooms and scuttle butt, and at 6.30 P. M. on the 
whole system, running continuously thereafter until the end of the 
trial at 2:30 P. M., January 16th. 
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Thirteen-inch Turret Turning Machinery.—Each 13-inch turrret 
is turned by adouble, horizontal engine, with cylinders 11} inches 
diameter and 10 inches stroke. One engine is located in the 
compartment forward of the boilers, the other in the compart- 
ment abaft the engines. The turrets are turned by means of 
shafting and gearing, pinions on the top of the vertical shafting 
engaging a rack on the bottom of the turret. Each engine has 
a controlling valve, which is worked by means of shafting and 
gearing, from the sighting hoods of the turret, the arrangement 
being such that the gear in the auxiliary sighting hood can be 
disengaged at the will of the operator in the main sighting hood. 
Each turret can be turned through an angle of 270 degrees, and 
in order to prevent it from turning beyond its limits, an improved 
automatic stop gear is provided which acts on the controlling 
valve. Provision is also made for turning by hand. 

Eight-inch Turret Turning Machinery —Each 8-inch turret is 
turned by a double, vertical engine, with cylinders 8 inches diame- 
ter and 7 inches stroke, located in the ammunition passages on the 


orlop deck. A worm on the crank shaft of the engine engages 
a worm wheel on the lower end of the ammunition tube. Each 


engine is provided with a controlling valve, which can be oper- 
ated at the engine, and also from the sighting hoods of the tur- 
rets by means of shafting and gearing. Automatic stop gear is 
provided to prevent the turrets from turning too far. In case the 
engine becomes disabled, provision is made for turning by hand. 
Air Compressors.—There are two Rand air compressors for 
torpedo tubes situated on the orlop deck within the citadel, one 
forward and one aft. Each compressor has two steam cylinders, 
diameter, 9 inches, stroke, 4 inches. The air cylinders are above 
the steam cylinders and are enclosed in a chamber through which 
water circulates. The compressors are capable of making 200 
revolutions per minute with 50 pounds steam pressure, the air 
pressure in the accumulator being 1,700 pounds to the inch. 
Hydraulic Plant.—There is an hydraulic plant situated forward 
on the orlop deck within the citadel. It is used to elevate and 
depress the 13-inch guns, to load the guns, and also to hoist the 
ammunition for them. It consists of two horizontal, double act- 
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ing duplex Blake pumps, an accumulator water tank, and the 
necessary piping. The combined capacity of the pumps is 1,000 
gallons per minute, the working pressure being 600 pounds per 
square inch. This duty is done with 100 pounds steam pressure 
at the pump throttles. There is an accumulator consisting of a 
steam cylinder, a steam piston, and a water plunger. The steam 
piston is connected by means of shafting and levers to the throttle 
valves of the pumps. 

The water tank has a capacity of 200 gallons, and fresh water 
only is used. 

The delivery pipes are 4 inches in diameter and of wrought 
steel ; the return pipes are 6 inches in diameter and of wrought 
iron. The flanges of the pipes are turned male and female and 
the joints made with leather gaskets. The delivery and return 
pipes lead to a double composition pipe casting around which a 
composition chamber revolves. The revolving chamber turns 
with the turret; it is divided into pressure and exhaust passages, 
and the joints are made with cup-leather packing. The delivery 


and return pipes from the cylinders, for working the guns and 
hoisting the ammunition, are connected to the revolving chamber. 
All parts of the hydraulic system, except the suction, were tested 
to 1,200 pounds water pressure. 


Steam cylinders, number 
diameter, inches 
stroke, inches 
Water plungers, number 
diameter, inches 
stroke, inches. 
Accumulator steam cylinder, diameter, inches 
water plunger, diameter, inches 
stroke, inches 


Electric Plant.—The installation consists in general of three 
generating sets, 590 incandescent lights, 4 search lights, 1 set of 
signalling apparatus, 2 stationary ventilating fans driven by elec- 
tric motors, 4 portable ventilating fans driven by electric motors, 
4 electric motors for 8-inch ammunition hoists, 2 electric motors 
for 6-inch and secondary battery ammunition hoists and I main 
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switch board, together with the necessary wire, wiring acces- 
sories, molding and fixtures. 

The generating sets were made by the General Electric Com- 
pany at Schenectady, N. Y. In each set there is a 24-kilo-watt 
dynamo of the multipolar type, having a capacity of 300 amperes 
at 80 volts, compound wound on 144 armature sections, cross 
connected at 180 degrees. The engines driving the dynamos 
are two-cylinder, vertical, inverted; diameter of cylinder, 10} 
inches; stroke, 5 inches. The crank shaft and armature shaft are 
connected bya rigid coupling. The engines are designed to run, 
with full load, at 400 revolutions per minute with 80 pounds 
steam pressure. The bed plate is common to both engine and 
dynamo and measures 7 feet 3 inches by 3 feet to inches. The 
weight of each generating set (engine, dynamo and bed plate) is 
about 8,500 pounds. The incandescent lights are 16 and 32- 
candle power designed for 80 volts. 

There are four search lights, made by the General Electric Com- 
pany; two mounted on the top of the pilot house, and two 
mounted in hammock berthing near the after end of the fore-and- 
aft bridge. The projectors are 60 centimeters in diameter and 
electrically controlled. All lamps are horizontal combination, 
hand or automatic, and designed for a current of 80 amperes at 
about 50 volts. The carbon holders are adjustable, and the life 
of the carbon is 6 hours. Each search light has a power of 
about 25,000 candles. 

The signal apparatus consists of four double signal lanterns, 
cable connection and key board. Each half of each double 
lantern is fitted with a fresnel lens, the upper lens being red. 
The key board is arranged to admit of thirty combinations of 
lights being made, each combination requiring but one motion 
to close the circuit. 

There are two stationary ventilating fans, one arranged to force 
air into, and the other to exhaust the air from the dynamo room. 
Each fan is capable of delivering 2,200 cubic feet of air per minute 
at a speed of 1,570 revolutions, and is connected directly to a 
2-horse power electric shunt motor. 

There are four portable fans, to be used to exhaust the air from 
the double bottoms and various compartments. Each fan is 
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capable of delivering 400 cubic feet of air per minute at a speed 
of 1,863 revolutions, and is directly connected to a }-horse power 
electric series motor. 

There is a standard Navy switchboard complete, containing 
the necessary connections, switches, cut-outs, &c., for g incan- 
descent, 4 search light, and 3 motor circuits. It is provided with 
a pressure board, ground detector and measuring instruments. 
The pressure board has points connecting the volt meter with 
the terminals of each of the dynamos, and with each of the search 
light circuits. The ground detector is arranged to be thrown 
on either arc or incandescent circuit when operated separately. 

Electric speed indicators and transmitters are fitted on the 
bridge, pilot house and in conning tower; also electric helm 
indicators. 

There are water alarms in each bilge compartment, and ther- 
mostats in each coal bunker and paint room, with annunciators 
on bulkhead forward of cabin. 

There are four 6.7-horse-power electric motors for hoisting the 


ammunition for the 8-inch guns, and two 5-horse-power motors 
for the ammunition hoists that supply the 6 inch guns and sec- 
ondary battery. 

The following lights are provided for : 


Deck lanterns, ‘ F ; 85 single. 
Portable hand lamps, ; ; 118 

Ceiling ring lamps, . 102 
Bulkhead lights, . 58 

Coal bunker lights, : 68 

Steam tight globes, ‘ ; 20 

Desk lights, . 40 
Magazine lanterns, . ; 36 double. 
Signal lights, . 
Truck lights, . I 
Masthead and towing lights, . -* 
Cargo reflectors, . 4 quadruple. 
Running lights, 2 single. 
Electroliers, . ; 3 triple. 


554 
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Of the above lights, the following are distributed in the main 
engine and boiler rooms : 
Steam tight globes, . ; II 
Portable hand lamps, 
Ceiling ring lamps, 
Coal bunker lights, 


These rooms are also provided with a complete set of bulk- 
head lamps for burning oil, for use in case of failure of the elec- 
tric lights. 


LIST OF ENGINES ON BOARD THE MASSACHUSETTS. 


Main Engines. 


No. of steam cylinders 
2 propelling engines, vertical, triple expansion, ; ‘ 6 


Main Engine Auxilaries. 

2 main air pumps, Blake, vertical twin, .. 

2 centrifugal circulating pumps, horizontal, 

2 auxiliary air and pumps, Blake, 
horizontal, . ; 

2 reversing engines, main engines, vertical, 

2 turning engines, main engines, vertical, 

4 main feed pumps, Blake, vertical, duplex, . 

4 auxiliary feed pumps, Blake, vertical, duplex, 

2 main feed pumps for auxiliary boilers, Blake, vertical, 
duplex, . 

2 auxiliary feed pumps for Blake, with 
cal, duplex, 

2 water-service pumps, Blake, vertical, duplex, 

10 forced-draft blowers, Sturtevant, vertical, 


General Auxiliaries. 


6 evaporator and distiller pumps, Davidson, horizontal, 
2 fire, feed and bilge pumps, Blake, vertical, duplex, 
2 fire and bilge pumps, Blake, vertical, duplex, . 
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2 ventilating blowers, engine room, Sturtevant, vertical, 
4 ventilating blowers for ship, Sturtevant, vertical, 
3 dynamo engines, vertical, 


Special Auxiliaries. 


1 workshop engine, vertical, 
1 steering engine, Williamson, hecinoetel, 
4 ash-hoisting engines, Williamson, vertical, 
I capstan and windlass engine, vertical, 
6 steam winches, Williamson, horizontal and inclined, 
2 hydraulic pumps, Blake, horizontal, duplex, 
1 steam hydraulic accumulator, ‘ 
2 13-inch turret-turning engines, horizontal, 
4 8-inch turret-turning engines, vertical, . 
1 ice machine, horizontal, 
2 Rand air compressors, for torpedo salen, 
1 waste water tank pump, Blake, plunger, horizontal, 
1 oil pump, Blake, horizontal, duplex, 
2 propelling engines, steam cutter, compound, vertical, 
2 feed pumps, steam cutter, Worthington, vertical, 
Total number of engines, 
Total number of steam cylinders, 
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As the Massachusetts is a counterpart of the /zdiana in almost 
every respect, much of the detailed description and data here 
given has been taken from the report of the trial of the latter 
vessel, prepared by Passed Assistant Engineer Harry Hall, U. 
S. Navy, and published in Volume VII, No. 4, of this JourNaL, 
changes having been made where they were found necessary. 


OFFICIAL SPEED TRIAL. 


The ship left the works of the contractors on Saturday, April 
18, 1896, and proceeded to Boston, Mass., where a preliminary 
run over the trial course took place on April 23. The next day 
was devoted to making preparations for the official run, and in 
giving the men as much rest’as possible, in order that they might 
be most thoroughly fitted for the arduous duties before them. 
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The contractors’ engineer force for the trial consisted of 128 men, 
distributed as follows : 

6 engineers ; 4 water tenders; 4 stokers; 1 night engineer ; 
16 engine room oilers; 32 day firemen; 24 day coal passers; 
5 night firemen; 4 night coal passers; 4 spare firemen; 2 spare 
coal passers ; 6 messmen; I store keeper; I time keeper; 5 ma- 
chinists ; 2 riggers; 3 boiler makers, and 8 oilers for fire room 
blowers. 

On Saturday, April 25, 1896, the official trial was made over 
the Cape Ann course. It consisted of two runs, in opposite direc- 
tions, over a measured distance of 31 nautical miles, six vessels 
being stationed at equal intervals along the course, to note the 
times of passing and make tidal observations. The sea was 
smooth, with a light E.S.E. breeze, and all the conditions for the 
trial were most favorable. 

An addative average tidal correction of .0679 knots was cal- 
culated by the observers on the vessels at the different stations 
along the line, making the official average speed 16.2079 knots, 
and the premium earned $100,000. 

All the boilers were in use under forced draft; the auxiliary 
boilers being used for the dynamo, steering engine and other 
auxiliary machinery only. During the trial the boilers operated 
admirably in all respects, steaming steadily and without any ten- 
dency to prime. The main engines worked excellently. There 
was no heating of consequence, and very little water was used, 
although an abundance of oil was constantly supplied. The 
main air pumps performed their duty so efficiently and thoroughly 
that their special merits, now so universally acknowledged, were 
again demonstrated. All the other auxiliaries worked effectively 
and well, running continuously and uniformly throughout the 
trial. A careful examination of the cylinders, valves and bear- 
ings of the machinery, and of all boilers, was made after the trial 
and all parts were found in good condition. 


DATA OF OFFICIAL TRIAL, 
Draught, mean for trial, forward, feet 
aft, feet 
Displacement at mean draught on trial, tons...............00sceeeeeeneeeeeeees 10,265 
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Area of immersed midship section, square feet...............ccceeceeeeeeeee 

. 1.H.P. (total) per 100 square feet of wetted surface’...............ceeeeeeeee 34-30 

at ro knots, reduced 

in ratio of 3.5 


Speed area of immersed midship section + 643-50 


SYNOPSIS OF STEAM LOG. 


Revolutions of main engines per minute, mean............... 


Piston speed in feet, per minute... 926.10 931.42 
Steam pressure at boilers, per gauge.............cceseceseeceeees 163.00 
PET 155.60 
2d receiver, 28.05 27.90 
Vacuum in condensers, inches of mercury...................4+ 25.15 25.20 
Steam cut-off in fractions of stroke from beginning, H.P... -673 -673 


Double strokeseof air pump, per 

Revolutions of circulating pumps, per minute.................. 159. 195. 

Temperatures in degrees Fahrenheit, engine room............ 75.1 71.7 
43-5 43-5 
118.2 122.9 


Air pressure, in inches of water, in fire rooms.................. -9935 
Revolutions of blowers per minute, fire rooms.................. 458 09 
engine rooms............. 262.75 
Bean: pressures in cylinders, 56.645 57.495 
35-455 34-765 
14.450 14.790 
equivalent reduced to L P...... 40.950 40.900 
L.H.P.: 
Collective, each main 5,049.95 5,077.88 


POW CT 6.33 
| 16.2079 
1 
: Starboard, Port. 
132.30 133.06 
= 
| .678 694 
.712 
89. 
96 43 
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Circulating pumps 
Feed pumps 
Blowers, forced draft 
Other auxiliaries 


main engines, air and circulating pumps 10,177.21 
all machinery in operation 10,402.66 
Indicated thrust (main engines only), pounds 78,726.54 78,709.81 
per square foot of developed area of pro- 
pellers, pounds 

Indicated thrust per square inch of thrust bearing, pounds., 
Cubic feet swept per minute by L.P. piston per I.H.P...... 
Square feet of cooling surface per ILH.P..............c0seeeeeee 
total heating surface per I.H.P................. 
1.H.P. per square foot of G.S. (all machinery in operation), 


The maximum performance was on the last fifteen minute 
period of the run south, when the main engine and auxiliaries 
developed 11,440 I.H.P. 

On the return trip from Boston to Philadelphia, all the turret 


machinery was tried. 

The turrets worked smoothly and efficiently, and the ease with 
which the 13-inch guns were elevated and depressed, well demon- 
strated the strength and reliability of the hydraulic pumps which 
produce the high pressure required for this service. 

During this passage, on Monday, April 27, 1896, the coal 
consumption trial took place with the two after boilers in use. 
Owing to unavoidable circumstances the trial only lasted four 
hours, and the trial data were considered unsatisfactory: 
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FORMULZ FOR THE STRENGTH OF SEAMS, STAYS 
AND BRACES FOR CYLINDRICAL BOILERS. 


By Curer A. B. Canaaa, U. S. Navy. 


The disposition of the least amount of material to withstand 
safely the high steam pressure required for the economic work- 
ing of triple and quadruple expansion engines is one of the prob- 
lems met by the marine engineer in designing a cylindrical 
boiler. And since the pressure in such a boiler produces the 
greatest stress to rupture along the longitudinal seams, these 
seams will be the first and most careful consideration. 

In order that the seams of a cylindrical boiler may be safe, 
and yet have the material properly distributed, it will be neces- 
sary to so proportion the thickness and lap of the shell sheets, 
the diameter and pitch of the rivets, that the shell shall be on the 
point of tearing asunder between the rivets just as the plate in 
front of the rivets and the rivets themselves are about to give 
way by crushing. 

The tightness of the seam will be insured when the elements 
of the seams are proportioned for greatest strength to resist the 
bursting pressure. 

The seams generally met with in cylindrical boilers for marine 
use will be the ones here considered. These are single-riveted 
lap seams ; double-riveted lap seams ; double-riveted butt seams 
with double butt straps; triple-riveted butt seams with double 
butt straps, and welded seams. The last named, though theo- 
retically the most efficient, has met with least favor, owing to the 
lack of confidence in its integrity. 

Could a welded seam be made perfect, the thickness of a cyl- 
indrical shell of a boiler to withstand safely the working pressure 
could be determined from the formula, 


: = - 
: 
: 
= 
r=tX — 
45x PX? 
19 
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t = thickness of shell sheet in inches. 
7 = ultimate tensile strength of shell sheet in pounds per 
square inch. 
y = radius of shell in inches. 

“P=safe working pressure of steam per square inch per 

gauge. 

4.5 = factor of safety. 

As equation I is a fundamental one it will be well to look to 
its accuracy. Assume the lower half ABCD — E£, Fig. 1, of the 
ring or cylindrical section of the shell to be fixed. Then, if the 
pressure inside the ring be increased to overcome the ultimate 
strength of the material, the half ABCD — G will be torn from 
the fixed or lower half, the rents coming at AD and BC, the in- 
tersections of the plane ABCD through the axis of the cylinder, 
separating the fixed and the free halves of the ring. Omitting 
the factor of safety 4.5 and assuming /” to be the bursting press- 
ure per square inch, equation I becomes 


PXrastxT (2) 


The pressure acts radially from the center O, as indicated by 
the arrows in Figure 2, and the vertical component of the total 
pressure on the upper or free half is the part of the bursting 
pressure effective in tearing it from the fixed half. The pressure 
along OA and OB has no vertical component, while along OG 
the vertical component is equal to the pressure /’ per square 
inch, that is it is at its maximum. The total vertical component 
is found by taking the sum of all the elementary vertical compo- 
nents. The elementary radial pressure, making the angle @ with 
OB, will act on the elementary surface rd@ X /, where 


y = radius of the ring in inches. 
/ = axial length of the ring in inches. 


Since, at the instant of bursting, the pressure per square inch 
is P’, the total bursting pressure on the elementary strip of the 
ring will be / x rd@ XZ. And the vertical component of this 
pressure will be P’ x rsin 0a@ X 7. 

Therefore, the total vertical bursting pressure 
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= Pir sin 


= Plr[—cos 
= Pl 2r (3) 


The square inches of material to be ruptured along the rents 
AD and BC, Fig. 1, by the bursting pressure will be 2 x ¢ « 2. 
Each square inch will require 7 pounds to tear it asunder. The 
ring will, therefore, have a total strength to resist the bursting 
pressure of 

2xXtxlxT (4) 

At the instant of rupture, the bursting pressure must just equal 
the ultimate strength of the ring to resist rupture along the lines 
AD and &C. This condition is fulfilled when equations 3 and 4 
are equal, that is 

PXr=txT (5) 
which is the same as equation 2. 

Introducing the factor of safety in equation 5, /” becomes P?, 

giving 
PX r=— (6) 


showing that equation | is reliable for a perfectly welded seam. 
The pressure to which a boiler should be tested ought not to 
produce a stress in the material beyond its elastic limit, which for 


steel is about one half its ultimate strength, or oe This value 


substituted in place of ra in equation I will give the test pressure, 


(7) 


which will prove the material to its elastic limit. In practice, the 
stress to which the material of the shell is subjected should be 
kept well within the elastic limits to avoid the chance of damage. 

From experiments, it has been found that the shearing strength 
of mild steel used in boiler construction averages about four-fifths 
its tensile strength ; and also, that a rivet in double shear is only 
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one and three-fourths times as strong as the same rivet in single 
shear, or, more properly, a rivet in single shear is four-sevenths 
as strong as the same rivetin double shear. This difference is due 
to the stresses in the overlapping sheets of a lap seam forming a 
couple, (as shown in figure 3,) which produces a combination of 
shearing and tension before the destruction of the rivet. And, 
as the material is five-fourths stronger in tension than in shearing, 
a rivet in single shear is more than one-half as strong as it is in 
double shear. 

A riveted seam is an element of weakness; therefore, an in- 
crease of thickness of the shell is necessary in order to com- 
pensate for the material cut away by the line of rivets. And, 
since equation I shows that the thickness of the shell to with- 
stand pressure is independent of its length, a girth strip of 
the shell, equal in length to the pitch of the rivets, will be suffi- 
cient for investigating the relation between /, the pitch of the 
rivets; d, the diameter of the rivets ; 7, the thickness of the shell 
plates, and /, the lap of the plates or butt straps, all in inches. 

The simplest form of a riveted seam is the single riveted lap 
joint which is used in marine boilers only where the seam is ex- 
posed to the fire. However, to show how it would change the 
boiler scantling, suppose the boiler to have its longitudinal seams 
single riveted lap joints. The form and the location of the boiler 
limit its diameter to 60 inches. The boiler sheets have been 
tested and found to have the following ultimate strengths: 

Ultimate tensile strength 7 = 65,000 pounds per square inch. 

Ultimate crushing strength C = 70,000 pounds per square inch. 

The rivets are of milder steel than the shell, and have an ulti- 
mate tensile strength of 55,000 pounds per square inch, and an 
ultimate single shearing strength S = 44,000 pounds per square 
inch. 

Figure 4 shows that in this seam there are (f — d) ¢ square 
inches of the shell in the length of one pitch, and, as each square 
inch has an ultimate tensile strength of 65,000 pounds, the total 
stress in pounds necessary to rupture the shell between two 
adjacent rivets will be 


65,000 (p—d) (8) 
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The projected area of the one rivet, on which the stress comes 
tending to crush the rivet and also the sheet in front of the rivet, 
is dX #, and as each square inch of the rivet at instant of crush- 
ing sustains a stress of 70,000 pounds, the total crushing stress 
at instant of giving way will be 

70,000 X dX ¢t (9) 

In order that the plate may tear just as the rivet and the sheet 
in front of it are on the point of crushing, the expressions 8 and 
9 must be equal—that is, 

65,000 (p —d) X t= 70,000 Xd X 
or f= (10) 

In order to get this equation in shape for future use, it is 

changed by division to 
p:(p—@):: 27: 27 —13 
or (p—d)=2 xp (11) 

Making the shearing strength of the rivet equal to the crush- 

ing strength of the plate in front of the rivet, gives 
44,000 X .7854 d* = 70,000 Xd Xt 
or 4 = 2.026 (12) 


Suppose the working pressure required is 50 pounds per square 
inch, gauge pressure. Then, to insure safety from rupture along 
the row of rivets, the following relation of P, 7, 7, ¢ and d, as given 
by equation 1, must hold: 


PXrX (p—d) (13) 
Making substitutions, remembering that from equation 11, 


x  pt,from which 


= .2003"" = 


p—d=> prgives,50 xX 30X p= 


50X30 X 4.5 X 27 
65,000 X I4 
This value of ¢ in equation 12 gives, d= 2.026 X .2003 = 

.4058"’ = 43’. And this value of d in equation 10 gives 

27 .4058 
p= 27 843” = 34". 
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The efficiency of this seam is only 52 per cent. It is needless to 
say that it would not be used in practice for longitudinal seams 
for the shell of a boiler to carry any but very low pressures. As 
already noted, this seam is used for seams exposed to the direct 
action of the fire. 

A double-riveted lap seam is sometimes used for boilers with 
small diameters, designed to carry moderate pressures. 

Experiments show that the ultimate tensile, shearing and 
crushing strengths increase as the number of rows of rivets in- 
creases, due, perhaps, to the prevention of the flow of the material. 
This explanation is not sufficient to warrant an increase of the 
coefficients of strength. 

This seam is here taken as an illustration of a principle in 
design, and not as one to be used in large boilers carrying high 
steam pressures. 

Assume a boiler 100 inches in diameter and to carry 85 pounds 
steam pressure. Then proceeding in a manner similar to that 
employed for the single-riveted lap seam, noting, of course, that 
there are now two rivets to take the shearing and crushing 
stresses, while the section of the shell in tension is as before, 
(¢ —d)t, t, d and p can be found for the double riveted seam. 

Referring to figure 5, and equating the tensile and crushing 
strengths, gives 


65,000 (f — @) t = 70,000 X 2dt 
or 


By division, 


and 


(15) 


The equality of the shearing and crushing strengths for a dou- 
ble riveted seam gives, 44,000 2 .7854 d* = 70,000 2d1, 
from which the ratio - 


= 2.026 (16) 


‘ 
I 
: a 13 ( 4) 
p:(p—@) :: (41 — 13) 
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Making the stress of the working pressure equal to the safe 
allowable stress in the material of the seams, gives 


85 x 50x p= (p d)t (17) 


Substituting the value of (p — Bel from equation 15, gives 
__ 65,000 
85 x x4 


65,000 28 


432” = ts”. 


d 
From equation 16, 72 026. The value of ¢ introduced in 


this equation, gives d = 2.026 .432 = .875"” = 1". 

Equation 14 gives = .875 = 2.76" = 28". 

This seam has an efficiency of 68 per cent. for shearing, crush- 
ing and tensile strengths. 

The specifications for inspection of steel for boiler rivets used 
in the U. S. Navy require that “the rivets for use in the longi- 
tudinal seams of boiler shells shall have from 58,000 to 67,000 
pounds tensile strength, with an elongation of not less than 26 
per cent. in 8 inches; and all others shall have a tensile strength 
from 50,000 to 58,000 pounds, with an elongation not less than 
30 per cent. in 8 inches.” 

Four-fifths of the mean tensile strength of rivets indicates that 
it is advisable to use 44,000 pounds, instead of 52,000 pounds, 
per square inch as the ultimate shearing strength of the rivets. 
Better proportions for riveted seams are obtained, in working out 
the design for a boiler to carry high pressure, when the shearing 
strength is taken at 44,000 pounds. 

In considering the double riveted seam with double butt straps, 
it will be seen in figure 8 that the stress will tend to shear each 
rivet in two places. The other conditions remain the same as in 
the double riveted lap seam. 

The equality of the tensile and crushing strengths gives 


65,000 (f — d) t= 70,000 or 3.15 (18) 


van 
} = 
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By division, 41: 28 
28 

or (19) 
4! 

Equating the shearing and the crushing strengths of the rivets, 
remembering that there are two rivets each under a double shear- 
ing stress, and that a rivet under such conditions has 1} times the 
strength as the same rivet under single shear, gives 
44,000 X 2 X 1? & .7854d? = 70,000 X 2d¢,from which the ratio, 

= 1.158 (20) 

This seam is for a boiler designed to carry a working pressure 

of 120 pounds per gauge, and the available space limits its diame- 


ter to 10 feet. Making the stress of the working pressure equal 


to the safe allowable tensile strength of one pitch length, gives 
120 X 60 KX p= “5:02 p — d)t,from which, by substituting the 


value of (g — @) from equation 19, is obtained 


.728" = (21) 


This value of ¢ in equation 20, gives d= 1.158  .728 = .843”’ 
= =a rand this value of d in equation 18, gives p = 3.15 * .843 
= 2.655" = 244”. 

Let the foregoing principles be applied to the design of the longi- 
tudinal seams for the boilers of the Cincinnati and Raleigh. The 
diameter of these boilers = 14’ 6’ = 174"; working pressure, 
160 pounds per square inch per gauge. The seam to be triple 
riveted with alternate rivets omitted, as shown in figure 9. The 
seam is to have double butt straps, as shown in the sketch. 
Factor of safety, 4.5. The pitch is taken between centers of ad- 
jacent rivets in the rows with alternate ones missing, because 
along these rows there exists the greatest tendency to rupture. 

Equating the tensile and crushing strengths of the shell ma- 
terial, observing that there are the equivalents of four rivets to 
take the crushing stress, gives 65,000 (f — @) t = 70,000 X 4dt, 
from which 
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69 
43 (23) 


And from this equation by division, 
(23) 


The equality of the shearing and crushing strengths, allowing 
the rivets in double shear 1? times their value in single shear, 
gives 44,000 X 4 X 1# X .7854d* = 70,000 X 4d, from which 
the ratio of d to ¢ is found to be 


= 1.158 (24) 


Making the stress produced by the working pressure equal to 
the safe tensile strength of a ring of the shell one pitch in length, 
gives 


160 X 87 X p= 


Introducing the value of (f—d) from equation 27 and re- 
ducing, gives 
1.187" = 18”. 
This value of ¢ in equation 24 gives 
1.158 X 1.187 1.375" = 19”. 
And this value of d in equation 22 gives 


p =? 1.375 = 7.3" = 775". 
The boilers as built for these vessels had the following cor- 


responding particulars : 
t= 14)". 


d= 1,7," 

An extra 7, inch in the thickness of the shell should be 
made to allow for corrosion. The rivets encased in the rivet 
holes are well protected, and need no allowance for corrosion. 
The working pressure can be kept constant until more than p, 
inch has corroded away. After this, the working pressure must 
be reduced as the shell becomes weaker. 
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An inspection of figure 7, which is a reproduction of a photo- 
graph of a tested seam made at the Watertown Arsenal by the 
Ordnance Department, U. S. Army, shows that the lap of the 
seam and the pitch and diameter of the rivets were well pro- 


portioned for maximum strength. It further shows at a@ that 
the portion of the plate in front of the middle rivet began to fail 
as a beam fixed at the ends and uniformly loaded. Treating the 
lap in this way, taking ; 

Length of the beam = d, the diameter of the rivet. 

Breadth of the beam = /, the thickness of the plate. 

Depth of the beam = 7 = od The lap /is the distance from 
the center.of the rivet hole to the edge of the plate. This in- 
cludes the amount for strength plus a small allowance for chip- 
ping and caulking. 

The safe load for a beam fixed at both ends and uniformly 
loaded, or more properly loaded at the middle, as the load is 
applied over the cylindrical surface of the rivet, can be found by 


the formula 
TxI Wxd 
(25) 


T = 65,000 pounds, tensile strength per square inch of the 


xX 4, gravity moment of inertia of the sec- 


tion of the beam. 


/— 
ex (? , 2) , distance of outer fiber from the neutral axis. 


if 
Fia. 7. 
plate. 
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W=(p—d)txX Fe for single riveting. 


ad = length of beam = diameter of rivet. 


Adapting this formula to the case of the triple riveted seam, 
such as used in the boilers of the Cincinnati and the Raleigh,. 
the stress will be divided between four rivets in one pitch. In 
this case then the safe load 


w= (p—a)t 65,000 (26) 
+ 4.5 


These values substituted in formula 25 give 


J _(p—4)tX 65,000 X d (49) 


8X 4X 4.5 


Solving for the lap, 
(28) 


Introducing the values of / and d for the longitudinal seams 
of the boilers for the Cincinnati and Raleigh, equation 28 gives, 
for the lap, 


= 1.928" = 144". 


Of the numerous results examined where the seams failed 
through the lap, many have finally given way by shearing out 
the portion of the plate in front of the rivet. This accords with 
what ought to be expected from the relative shearing and ten- 
sile strengths of steel plates. Where the lap had an excess of 
strength, the tested seams failed by tearing the plates between 
the rivets or by shearing the rivets. 

Had equation 28 been adapted to the case of a double riveted 
seam with double butt straps, it would have taken the form 


+ (29) 


The breaks 4, , 4, 6, in figure 7, suggest another manner of 
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a 


proportioning the lap for riveted seams. If the shearing strength 
of the plate in front of the rivet be made equal in strength to the 
other parts already considered, the seam will have a maximum 
strength with the minimum amount of material. 

Making the crushing strength of the rivet equal to the shear- 
ing strength of the plate in front of it, gives 


S=atxC (30) 


Making substitutions for the shearing and the crushing 
strengths, S and C, and reducing, 


(2/— 44,000 = d X 70,000 
and f= 1.34 


Making an allowance of ;3,’’ for chipping and caulking, gives 
the total lap 
/=1.5d (31) 


Applying formula 31 to the lap of the seams of the boilers for 
the Cincinnati and Raleigh, gives /= 17, X 1.3=197". As 
constructed, the seams of these boilers were given 2” lap. 

For strength alone, the thickness of each of the butt straps 
should be equal to one-half the thickness of the shell sheet. But 
to resist deflection of the butt straps between the rivets, to pre- 
vent leakage, it is necessary to increase them to three-fourths of 
or to the thickness of the shell sheet. 

The distance between the rows in zig zag or staggered rivet- 
ing ought to be enough so that the plate will not tear in a zig 
zag direction between the rivets. The stress in the plate has a 
shearing component, consequently the plate requires more sec 
tion to resist this than if the stress were tensile only. 

In figure 10, page 281, / represents the pitch in the horizontal 
rows, while /’ represents the pitch in a zig zag direction. Re- 
solving the safe allowable stress in one-half the horizontal pitch 
along the plane AB, and making it equal to the safe shearing 
stress along the same plane, gives 


FORMULA FOR STRENGTH OF SEAMS, ETC. 


Resolving this safe allowable stress at right angles to the plane 
AB, gives 


(p—@) 


The first terms of equations 32 and 33 are identical, therefore, 


cos 4 


The shearing strength of steel plates is four-fifths of its tensile 


strength, or S = # 7. 
sin 6 


This value of S in equation 34 gives cos@ = tan @ = .8, from 


which 4 = 38° 40’. 
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In laying out the rivet holes, it will be more convenient to have 
the distance s between the rows of rivets given in terms of the 
pitch. Referring to figure 10, it will be seen that 


2 
oF (35) 


The disposition of the material in the flat surfaces of a boiler 
is such that no advantage can be taken of its strength to resist 
pressure, as is done when the material is worked into cylindrical 
shapes. It then becomes necessary to support the flat surfaces 
of a boiler by stay bolts and braces. 

If the pitch of the stay bolts or braces be represented by /, then 
the area supported by each stay or brace will be equal to 77. If 
P equal the pressure per square inch on the flat surface, then the 
total pressure supported by each stay or bolt will equal 


Px? (36) 
The safe load per square inch of section of good steel stays and 
braces is 8,000 pounds, therefore, the area of each stay must be 


such that 


(37) 


(38) 


This diameter, @, of the braces and stay bolts, is taken at the 
root of the threads where the ends are fitted with nuts. 

The pitch, /, of the stay bolts and braces depends, in a measure, 
on the thickness of the flat plates supported, as will appear by treat- 
ing the square as a beam supported at the ends and uniformly 
loaded, in which case from Church’s Mechanics, p. 331, equation 4, 


R Wxi 


W=P xl l=pitch 


(39) 


za? 
iP 
or 
N 6,823 
q 3 
4.5 12 
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of braces or stay bolts. Making these substitutions in equation 


39 and reducing, 


The fire surfaces of the boilers are limited in thickness from 
3’ to 3’, and these thicknesses introduced into formula 40 give 
for the pitch, /, of the back connection stay bolts, 63’ to 8%”. 

To facilitate cleaning the inside of the boilers, the braces are 
spaced so that a man can pass between them. The flat plates 
are strengthened by stiffening strips,or else by large washers 
riveted to the plates through which the ends of the braces extend. 
Knowing the pitch of the braces and the pressure to be carried 
in the boiler, the equivalent thickness of the flat sheets to be 
supported can be ascertained by substituting these values in 
equation 40 and solving for ¢. 

The value of / from formula 40, substituted in formula 38, will 
give the necessary diameter for the stays and braces. 

A comparison with the results given in the Report on Ex- 
periments in Boiler Bracing by the Bureau of Steam Engineering 
in 1879, shows that the method given above, for pitching stays 
and braces for flat surfaces, produces results within the percentage 
of variation in the quality of material and workmanship. 

The top of the combustion chamber is supported by stay bolts 
suspended from girders which span the flat surface. The spacing 
and size of these bolts have already been determined by formule 
38 and 40. There yet remains to be determined the size of the 
girders which support the flat top of the combustion chamber 
against collapsing. Formula 1, page 270 of Church’s Mechanics, 
gives, for a beam supported at the ends and loaded similarly toa 
back connection girder, carrying three stay bolts, 


e 


= Pil, — P, (4—4) (41) 


R’ = 8,500 pounds, safe stress in outer fiber of the girder. 
7 =gravity moment of inertia of the section of the girder 


I 
where the greatest moment occurs = = ba®. 
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FORMULA FOR STRENGTH OF SEAMS, ETC. 


a 
c= = = distance of outer fiber from the neutral axis. 


P, = load at one end of the girder. 

P, = load on one girder stay bolt. 

/, = one pitch of girder stay bolt. 

/, = two pitches of girder stay bolts. 

= breadth of the girder = 1.6 inches. 

ad = depth of the girder. 

The application of formula 40 is shown in the following 
example of a boiler designed to carry a pressure of 160 pounds 
per square inch. 

Depth of back connection = 24’’= length of girder. 

Each girder supports three stay bolts pitched 6 inches. 

Each girder will also support a strip of the top of the con- 
nection 6 inches wide by 24 inches long, or 144 square inches. 

The total load supported by each girder will be, therefore, 
144 160 = 23,040 pounds. 

P, = 23,040 + 2= 11,520 pounds. = 23,040 + 3 = 7,680 
pounds. 

/, = 6 inches and /, = 12 inches. 

Making substitutions in equation 41 and reducing, gives 


8,500 X 2 X bd* 


= 11,520 X 12—7,680(12—6) (42) 


d* = 40.7 
d= 6.4" = 61% inches. (43) 
The girders are arranged in pairs and, as the foregoing calcu- 


lation has been for a pair, each piece will have a breadth of 
1.6 = 43”. 
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TEMPERATURE-ENTROPY DIAGRAMS FOR STEAM 
AND WATER. 


By AssIstaNT ENGINEER Louis M. Nutron, U. S. Navy. 


“In the calorimetric study of an engine, the exchanges of 
heat taking place between the fluid and the internal walls of the 
cylinder should be determined. This is especially necessary in 
steam engines, because these exchanges of heat are known to be 
the principal causes of the difference between the efficiency of 
an ideal and of an actual engine. In studying this subject the 
graphic method is of great use. For instance, the heat supplied 
to the cylinder being represented by a given area, the latter may 
be divided into several parts, one of which will represent the 
heat converted into work on the piston, another the heat given 
up to the condenser and to the surrounding air, and thus a kind 
of graphic heat balance is obtained. If the heat not utilized in 
work be further subdivided into its component parts, or into the 
loss of heat due to the clearance volume, to throttling, and to 
the action of the walls, it will be possible to show exactly how 
the heat supplied to the engine has been expended. 

“Two methods may be adopted for these graphic representa- 
tions of the transformation of steam in a cylinder. In the first, 
which is generally used, the pressures and volumes are taken as 
ordinates and abscissz, the surfaces representing areas of work 
enly. The indicator curve thus obtained gives the work done 
on the piston ; but, to show the movements of heat, they must be 
converted by calculation into mechanical energy for each portion 
of the stroke. This method of representation is complicated by 
the fact that the effect of the heat supplied to a body is not only 
to modify its pressure and volume, but also its internal energy. 
Only a part, therefore, of the heat is represented in the diagram 
of pressures and volumes, except in special cases as, for instance, 
in the isothermal transformation of a gas. 
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“The new system furnishes a direct graphic representation of 
the heat supplied to a body, by taking temperature and entropy . 
as the characteristics of its condition.”—“ Engineering,” January 
3, 1896, Vol. LXI. 

The above extract furnishes sufficient reasons why an engineer 
should familiarize himself with the diagram, and the object of 
this article is to try and explain as simply as possible the princi- 
ples of the Temperature-Entropy Diagram. The facts presented 
have been compiled from various sources and an effort has been 
made to present them in a simple and connected manner. 

Peabody defines entropy as being a “ property of a body simi- 
lar to specific volume, specific heat and latent heat of expansion, 
but most nearly akin to temperature. It depends upon the state 
of a body and not on its method of change.” Another definition 
is that entropy is the measure of the available energy of a system. 

At the start, it is best not to confuse oneself with reconciling 
the various definitions. For all ordinary purposes it will be suffi- 
cient if the following explanation, § 1, of the term entropy be 
accepted. 

§ 1. If a body takes in, or rejects, a quantity of heat, dQ, at the 
absolute temperature 7, the entropy of the body is increased, or 

dO 

Let entropy be represented by the symbol @ (called by Ran- 
kine the thermodynamic function), then the change of entropy 
consequent upon the addition, or subtraction, of the quantity 
of heat, dQ, at the absolute temperature 7, is expressed thus 


decreased, such increase or decrease of entropy being 


ao =a 9, (1) 


or, with proper limits, 


(2) 

If we now choose rectangular axes and lay off the values of # 
as abscissze and theabsolute temperatures as ordinates, wecan plot 
the condition of a body as defined by its entropy and absolute 
temperature. 
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In Fig. 1, suppose / a point so defined, being the increase of 
entropy due to the addition of a quantity of heat Q, and 7 the 
absolute temperature at which it was added. The area ABCD = 


880 
86 
84 
80 

76 


Absolute temperatures. 


Fig. 


’ x T, but this, from equation (2), is equal to Q the heat added, 
and brings us at once to the principle of the Temperature-Entropy 
Diagram. , 

It is athermal diagram representing outflow and inflow of heat 
in the same manner that the indicator diagrams represent me- 
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chanical energy exerted on the piston or exerted by the piston. 
On an indicator diagram an area represents work, on a Temper- 
ature-Entropy diagram an area represents a quantity of heat. 

In dealing with entropy, as in dealing with total heat, an ar- 
bitrary point is chosen, entropy being reckoned from that point 
as a zero, and the entropy of the substance for every other state 
will have a value whichis perfectly definite and may be calculated. 
In reckoning entropy, the condition of water at 32° Fahrenheit 
is taken as the zero. 


#2. THE DIAGRAM FOR WATER. 


In Fig. 2, let O and O be the axes of absolute temperatures 
and of entropy. 

Let 7, be the absolute temperature corresponding to 32° Fah- 
renheit, then # = 0 at this point, as we have assumed the con- 
dition of water at 32° Fahrenheit to be the zero of entropy. 

Now, take one pound of water at 32° and add 2 little heat to 


it. Then, with reference to our diagram, there are two distinct 
changes; first, the temperature is raised, and, second, the entropy 
is increased. In Fig. 2, the increase in entropy is represented 
by aé, and the rise in temperature by dc, so that the new condi- 
tion of the water on the diagram is represented by the point c. 
Now, let a little more heat be added, and the temperature and 
entropy be still further increased, as by cd, and de, so that the 
new condition is now represented by the point e. We can at 
once see that when the additions of heat are infinitely small and 
continuous, z. ¢., when heat is added proportional to the rise in 
temperature, the points representing the condition of the water 
at each instant will, when plotted on the diagram, lie on a curve 
aA. 

Let B be a point on the curve whose absolute temperature is 
T,. Then the area OaBC represents the quantity of heat sup- 
plied between the limits of temperature T, and 7’, and if « 
is the heat supplied for each degree of rise in temperature, 
i.¢., the mean specific heat of water, then the area OaBC = 
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a aT. Thearea of any element,as ef, is and the whole 
0 


area OaBC is equal also to Td®, and we have 
0 


fOr ar 
0 
073 
o f F = «log eT] 
7) 75 7> 


or finally = alog ¢ Ts (3) 
To 
Since the point B may be any point on the curve, and the tem- 
perature 7,, the temperature of any such point, we may drop the 
subscript , and write for the entropy of water at any tempera- 
ture 


Oy =a log (4) 


where 7 is the absolute temperature of the water, and 7, is the 
absolute temperature of the point taken as the zero of entropy, 
in this case the absolute temperature corresponding to 32° Fahr. 


23. ENTROPY OF STEAM. 


Again referring to Fig. 2, suppose that at B the pound of water 
is completely evaporated, and dry steam formed having the same 
temperature as the water from which it was formed. Noting the 
opening sentences of § 1, we at once see that 


Heat added 


incense of 2 Absolute temp. at which added (5) 


The change is an isothermal one, as the temperature has not 
varied and the increase of entropy, BB’, is laid off from B on the 
horizontal line corresponding to the absolute temperature of 8, 
and the distance of B’ from the axis of OT measures the value of 
the entropy of one pound of dry steam at the absolute tempera- 
ture 7. Referring to equation (5), the heat added is the latent 
heat of steam at the absolute temperature 7;,and calling this Z,, we 
have from (5) 
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= (6) 
B 


EB = EB + BB! = 0, + 7? =alog eq? +4? 
B 0 B 


B 


7 
or, ?, ty + (7) 
Again dropping the subscripts, as B is any point, we have 
for dry steam at any absolute temperature 7, 
ee 
%?,=alog T, + (8) 
where Z is the latent heat corresponding to that temperature, 
and a is the mean specific heat of water at that temperature, 7, 
. being, as before, the absolute temperature of the zero of entropy. 
Plotting the curve as given by equation (8), we get A’a’, Fig. 2. 
Comparing equations (8) and (4), we see that the entropy curve 
for dry steam is formed by laying off, from each point on the 


curve for water, the value of |” and, since the latent heat of steam 


decreases as the temperature rises, the value of will decrease 


as we ascend the scale of temperature and the curves will ap- 
proach each other. 


#4. FIXTURE OF WATER AND STEAM. 


Again referring to the condition of the water at the point A, 
Fig. 2, suppose that only a fraction, x, is evaporated. We would 
have a mixture of steam and water, and the heat added at the 
point B would be only x,Z,, and the increase of entropy would 
be BB”, less tnan BB’. 

By equation (5) 


(9) 


and 


or dropping the subscripts, 
?=—aloge 
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: It is evident that equation (10) is the general equation, for if 
we make x = 0, we get equation (4), and if we make x = 1, we, 
have equation (8), and any mixture between the limits of all 
water and all dry steam can be represented in (10) by giving the 
proper value to x, which is the dryness fraction. 
") The completed diagram is shown in Fig. 3. The base line, 
O®, in Fig. 2, from which absolute temperatures are measured, 
is left out in Fig. 3, as being unnecessary after the diagram is 
completed. 
24. ISOTHERMAL LINES ON THE DIAGRAM. 


Isothermal changes are at constant temperature, so at once 
2 the change of entropy, consequent upon an isothermal change, is 
0 a straight line parallel to the axes OY, from which absolute tem- 
peratures are measured. 


> 26. ADIABATIC LINES ON THE DIAGRAM. 


; Again referring to the opening lines of § 1, we see that a body 
changes its entropy when it takes in or rejects heat. In an adia- 
batic change heat is neither gained nor lost, consequently there 
is no change in the value of the entropy. 

If steam expand adiabatically, doing work in a non-conducting 
cylinder, it neither gains nor foses heat, but t’ : temperature falls. 
The value of its entropy is the same after expansion as before, 
as there is no change in heat, and the expansion line on the 
diagram of temperature and entropy will be a straight line par- 
allel to the axis of absolute temperature. 

For example: one pound of saturated steam at an absolute 
temperature of 750° expands as above until its temperature falls 
to 650°. The intersection of the temperature line for 750°, Fig. 
3, with the curve for steam, gives the point s as representing the 
initial condition of the steam on the diagram, and s¢, parallel to 
OT, represents the adiabatic expansion. 


#7. DRYNESS FRACTION. 
The horizontal distance between the water and steam curves 


at any point is equal to 4 for that temperature. If the steam re- 
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ferred to immediately above had contained a certain per centum 
of moisture, the point representing it would be s’, where 


ws’ = J « being the dryness fraction, Z the latent heat, and 7’ 


the absolute temperature corresponding to the point s’, the abso- 
lute temperature being 750° in the case under consideration. 


aL 
Now ws = and ws’ = T 
aL 
and 
the dryness fraction of the steam at the point s’. 

From this we see that if steam in a certain condition is repre- 
sented bya point on the diagram, its dryness is given by the fol- 
lowing eqiation: 

Dryness fraction at any point 


__ Distance of this point from the water curve 


Distance between the curves. 


= (11) 
these distances being measured on the temperature line through 
the point. 


fi DRY STEAM. 
48. ADIABATIC EXPANSION OF? II. WATER. 
lI. MIXTURES OF STEAM AND WATER 

Case 1.—If dry steam expand adiabatically, doing work in a non- 
conducting cylinder, steam ts condensed during expansion. 

For example: let the steam be initially dry at the absolute 
temperature of 750°, and let it expand until its temperature falls 
to 650° absolute. Then on Fig. 3, s is the point representing 
the initial condition, s¢ the expansion line, and ¢ the point repre- 
senting the condition of the steam after expansion. At s we 


have, from equation (11), dryness fraction = — +1. Similarly, 


at ¢ we have dryness fraction = — less than unity. Hence, 


during the expansion, the dryness fraction has been decreased 


. 
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from unity to less than unity, showing that there is less dry 
steam at the end of the expansion than there was at the begin- 
ning, z. é., steam has been condensed during tiie expansion. 


Case IT. Water—Suppose a pound of water, under a pressure 
of P pounds per square inch, has put into it enough heat to raise 
its temperature to the boiling point for P, but none is evaporated. 
Now suppose the water while in this condition has the pressure 
reduced from P to f pounds per square inch, and the temperature 
is allowed to fall to that of the boiling point for f, and during the 
operation the water is not to gain any heat or lose any, but may 
adjust itself by any change in volume to suit the final pressure 
and temperature. By the adiabatic expansion of water is meant 
the above process, and we see, by again referring to the opening 
words of § 1, that the entropy is constant during this change and 
is represented on the diagram by a straight line parallel to the 
axis of absolute temperatures. 


[f water expand adiabatically, some of it is evaporated. 

-Let w be the point on the water curve corresponding to the 
absolute temperature of the boiling point for P above, and let the 
water expand adiabatically to «’, where w’ is on the temperature 
line corresponding to the absolute temperature for the boiling 
point for p. 


At w we have, from equation (11), = 0, and naturally 


so since we started with all water and no steam. 


u! 


Similarly at «’, we have «= finite quantity. 


Hence, in the above expansion, the dryness fraction has in- 
creased from 0 to some definite value, showing that there is 
some steam present, 2. ¢., water has been evaporated. 


Case ITT. Mixture of Water and Steam.—If a mixture of water 
and steam expand adiabatically, there are two cases to consider ; 
(1) where there is more steam than water, and (2), where oa 
is more water than steam. 

Let us start from s’ for case (1) and from s’’, Fig. 3, for case 
(2), both expansions to be between the limits of 750° and 650°. 
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Using the units of the scale of the base line, we have at s’, 


apc! 
= 68.1 per cent. 

ws 1.3 
1.05 
wu 1.56 
showing that there is 68.1 —67.1=1 per cent /ess dry steam 
after expansion than there was before. 


After expansion, we have at 7’, + = = 67.1 percent, 


toni ” 
Similarly at s’’, for case (2), 30.8 per cent. 
After expansion, we have at w’’, += a = “373 = 36.9 per 


cent, showing that there is 36.9 — 30.8 = 6.1 per cent more dry 
steam after expansion than before. 

Froth the above examples we see that, ¢f there is more steam 
than water in the mixture, steam is condensed during expansion, 
but ¢f ¢here ts more water than steam, steam is formed during the 
expansion. This general statement can be proved by taking 
points to represent various values of x and then making the cal- 
culations as above. From what has been said, it might be sup- 
posed that if a mixture half steam and half water expand adia- 
batically, z. ¢., x = 0.5, the condensation and evaporation during 
the expansion would be equal and the dryness be the same after 
expansiorf as before. This will not be so, although very nearly 


so, because the ratio T’ the distance between the curves at any 
point, is not a constant ratio, but varies slightly at different tem- 
peratures. 


29. DEDUCTION OF THE ADIABATIC EQUATION FROM THE DIAGRAM. 


Let steam expand adiabatically from the absolute temperature 
T, to the absolute temperature 7’, as from s’ to /, Fig. 3. The 
value of the entropy has not changed during the expansion, but 
is the same after as before, so that we have 

bf = as’ 
or bw! + = aw + ws’ 

and substituting the values of these as given by equations (4) and 
{9), we have 
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a log T. =u log 
or T, =a log a log 
= 
= alog + 
finally we have =a log ¢ (12) 
2 2 1 


which is the equation for steam expanding adiabatically and 
doing work in a non-conducting cylinder. The specific heat of 
water ais nearly always taken as unity. 


210. PLOTTING THE ORDINARY INDICATOR DIAGRAM ON THE TEMPERA- 
TURE-ENTROPY DIAGRAM. 

Under this head there are three cases to consider, (1) where 
there is complete expansion down to the pressure and temperature 
of the condenser, (2) where the steam is used non-expansively, (3) 
where the expansion is incomplete. 

In Fig. 4, let (1) ABCD, (2) ABGD, and (3) ABEFD be ideal 
indicator cards from one pound of steam used as in cases (1), (2), 
and (3) above, the temperature of feed being 32° Fahrenheit in 
each case. In each case DA, Fig. 4, represents the rise in pres- 
sure as the feed water enters the boiler, and also for the case 
under consideration, the rise in temperature as the feed is heated 
to the boiling point, and on the entropy diagram, DA would be 
plotted as shown in Fig. 5,* while the quantity of heat received by 
the water is represented by the area RDAN. (See § 2.) 

Also in each case, AB, Fig. 4, represents the increase in volume 
as the one pound of water is evaporated into dry steam. This is 
an isothermal change, from water at one temperature to steam at 
the same temperature, shown on the entropy diagram by AB, 
Fig. 5, and the additional heat received during the conversion to 
steam is represented by the area ABHN. 


* Corresponding lines have the same lettering in Figs. 4 and 5. 
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So far the entropy diagram has been the same for each of the 
three cases, and naturally so, since in each case we raise one 
pound of water from the same temperature of the feed and evap- 
orate it at the same pressure, or temperature. After this point, 
the cards differ on the entropy diagram, and the cases will be 
considered separately. 

Case(1). Complete Expansion.—From B to C, Fig. 4, the steam 
expands adiabatically, and this change is plotted as BC of 
Fig. 5. From C to Din Fig. 4, the steam is all swept out of the 
cylinder and changed to water of the same temperature. This 
is an isothermal change, and is shown as CD of Fig. 5, the heat 
rejected to the condenser being represented by the area CDRH. 
We have now for case 1 on the entropy diagram, Fig. 5, 

Heat expended to raise feed water to boiling point 


= area DANR 
Heat received during evaporation = area ABHN 
Total heat received = area RDABH 
Heat rejected = area RDCH 
Heat utilized = area DABC. 


corresponding to the work area DAAC of Fig. 4. 

- Case (2). No Expansion.—The indicator card for this is ABGD, 
Fig. 4. - When the piston is at 2, the cylinder is opened to the con- 
denser, the temperature of the cylinder falls to that of the con- 
denser before’the piston has moved, and the steam gives up heat 
as the temperature falls. This is plotted on the entropy dia- 
gram of Fig. 5, by the curve GA, a curve similar to @JA, Fig. 3, 
(see §2,) but reversed. 

- After the temperature has fallen to that of the condenser, the 
piston moves from G to D and sweeps the contents of the cylin- 
der into the condenser, and we have the isothermal GD, Figs, 4 
and 5. 

As in case (1), 
Heat received = area RDAN + area NABH... Fig. 5. 
Heat rejected = area BGKH + area RDGK. 
Heat utilized = area ABGD, 
corresponding to the work area ABGD, of Fig. 4. 
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Case (3). Incomplete Expansion.—This case evidently lies be- 
tween the above cases, and is plotted as ABEFD in both Figs. 4 
and 5. 


#11. PRACTICAL APPLICATION OF THE FOREGOING PRINCIPLES. 


Those who are interested in the practical application of the 
above principles are referred to an article in “ Engineering,” of 
January 3, 1896, on the application of the entropy diagram to the 
_analysis of a compound condensing steam engine, which is too 
long to be inserted in this paper. 
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FORCED DRAFT TRIAL OF. THE U.S. S. RALEIGH. 


By Cuier ENGINEER C. R. ROELKErR, U. S. Navy. . 


On March 25, 1896, the U.S. S. Raleigh went to sea from Hamp- 
ton Roads, Va., for a forced draft, full power trial. The vessel had 
recently been docked at Norfolk, Va.,and her bottom thoroughly 
cleaned and painted. The vessel was in her ordinary cruising 
condition, with all her weights on board and all the boats in the 
cradles or on the davits. The bunkers had been filled with New 
River steam coal, run of the mine, containing about 45 per cent. 
of lump and 55 per cent. of slack. The draught of the vessel was 
19 feet 1 inch forward and Ig feet 11 inches aft, corresponding 
to a displacement of 3,574 tons of sea water. 

Only the regular crew of the vessel was employed during this 
trial. In addition to the regular engineer’s force, consisting, 
exclusive of mess cooks, of 86 men available for duty in engine 
and fire rooms and coal bunkers, 12 men of the deck force were 
detailed to assist in trimming coal in the upper bunkers.. As 
this was the first time, since the Ra/eigh had gone into commis- 
sion nearly two years ago, that the forced draft system with closed 
fire rooms was tried in this vessel, many of the firemen had no 
experience or training in firing under these conditions. Many of 
the oilers likewise had little experience with high speed engines. 

The fire room and bunker force was divided into two watches, 
one of which remained on duty until the fire rooms were closed 
and returned to duty immediately after the trial. 

The boilers were clean and filled with fresh water. 

Fires were lighted shortly after midnight of March 25th, and 
at 6:02 A. M. the vessel got under way from her anchorage off 
Fortress Monroe and stood out to sea. 

At 9°30 A. M.., the trial commenced with the fire room doors 
and hatch shutters closed and the forced draft blowers running 
at an average speed of 530 revolutions per minute. All the fire 
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rooms were in communication, and the air pressure rose to 1.3 
inches of water. 

At 1010 A. M., the blower of No. 3 fire room became disabled 
by the breaking of a piston rod. As the inlet and outlet ducts 
of the blowers are not provided with doors or shutters, a tem- 
porary canvas covering was applied to the disabled blower to 
prevent the escape of air from the fire room, but the pressure fell 
rapidly to nine-tenths inch of water. The efficiency of the six 
furnaces in No. 3 fire room was greatly impaired by this accident. 

The main engines, air pumps and other auxiliaries worked very 
satisfactorily. There was not the slightest vibration in any part 
of the engine framing. No water was used externally on any 
journal, except for forty minutes during the first hour on one 
crosshead journal, and for fifteen minutes on one main journal 
as a precautionary measure. Water was carried over at times 
into the cylinders of the starboard engine, and for this reason its 
speed was less than that of the port engine. 

At 11°40 A. M., the port circulating pump stopped in conse- 
quence of a hot crank pin, which was cooled down in a few 
minutes, but caused the stopping of the port main engine for 
about seven minutes. On account of this stoppage, the data taken 
from 11°30 A. M. to meridian have not been used in computing 
the mean results; but the trial was continued from meridian to 
2 P. M., so as to finish it with an unbroken run of two hours. 
During these last two hours the engines were racing slightly at 
times. 

Indicator cards were taken on the main engines every half 
hour, and the readings of the revolution counters, steam, vacuum 
and air pressure gauges, and thermometers were recorded at the 
same time. 

The coal consumed could not be measured during the trial, 
but was estimated by inspection of bunkers before and after the 
trial. The coal used was of a good quality, but, on account of 
its highly bituminous character, not suitable’ for forced draft’in 
a closed fire room, as became evident especially during the second 
half of the trial. 

The speed of the vessel was measured by a patent (Walker) log, 
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the readings of which were recorded every fifteen minutes. The 

easterly winds which had been prevailing for several days pre-. 
vious to the trial had caused the sea to be quite rough; the vessel 

plunged into it heavily, head on, during the first two hours, taking 

green seas over the forecastle. The course of the vessel was then 

changed so as-to take the sea abeam. There was a fresh head 

wind blowing. The depth of water during the first two hours of 

the trial was from 14 to 17 fathoms, hardly sufficient for obtain- 

ing the best results with a vessel haying the draught and the 

speed of the Raleigh. 

Besides the main engines, the following auxiliary engines were 
in operation during the trial, viz: Steering and dynamo engines, 
one (1) flushing pump, two (2) main air pumps, two (2) main cir- 
culating pumps, two (2) water service pumps, two (2) main bilge 
pumps, two (2) auxiliary bilge pumps (occasionally), two (2) aux- 
iliary air and circulating pumps, four (4) main feed pumps, five 
(5) fire room blowers, and during first forty minutes, one (1) addi- 
tional fire room blower. 

The general results of the trial are as follows: 


MeanI.H.P. 
of main and 
auxiliary 
engines. 


Mean rev. 
of main 
engines. 


Mean depth 
Sea. of water, 
fathoms. 


10°30 to 11°30 A.M.) 19.34 | 138.35 Long 
Merid. to1 P.M.....) 18.15 | 132.40 


17.88 | 128.78 


| 
| 
| 
9°30 to 10°30 A. M...| 19.2 143-35 | 7,159 | Moderate.. 


18.64 135 72 | 


Slip of screws for mean speed and revolutions, 10.23 per cent. 

The maximum power developed during the trial by the port 
main engine, making 152 revolutions per minute, was 4,394.51 
LEP. 

At 2 P. M.,the fire rooms were opened and the fire room 
blowers stopped. 

At the close of the trial, the engines were in as efficient con- 
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dition for its continuance as at the beginning, but the steam 
_ pressure in boilers had fallen to 105 pounds per square inch. 
The data of the first two hours of the trial give the following 
results; 


Time of trial March 25th, 1896—g°30 to 11°30 A. M. 
Duration of trial Two hours. 
Direction and force of wind , One point on bow, 4. 
Direction and kind of sea Ahead, moderate and long. 
Starboard Port. 
Steam pressure in boilers, by gauge, pounds per square inch.. 134.75 134.75 
at engines, by gauge. z 125.25 
Revolutions per minute A 148 
Vacuum in condenser, by gauge, inches of mercury. : 25.375 
Temperature in fire rooms, degrees Fahrenheit 
engine rooms, degrees Fahrenheit 
injection water, degrees Fahrenheit. 
discharge water, degrees Fahrenheit 
feed water, degrees Fahrenheit 
Air pumps, revolutions per minute 
Circulating pumps, revolutions per minute......... vinietnahoceses 
Feed pumps, revolutions per minute 
Main bilge pumps, revolutions per minute. 
Water service pumps, revolutions per minute 
Fire room blowers, revolutions per minute. 
Air pressure, in inches of 


INDICATED HORSE POWER. 
1,325.2 
1,274.8 


Circulating pumps............ 

Total air and circulating pumps, 

Total of all other auxiliary machinery in operation during 
trial, estimated 

Collective, of main and all auxiliary engines in operation dur- 

Collective, all machinery, per square foot of grate surface, per 


Collective, all machinery, per square foot of heating surface, 
per hour : 

Coal, per hour, pounds 

Coal, per I.H.P. of all machinery, per hour ..................0068 

Coal, per square foot of grate surface, per hour 

Coal, per square foot of heating surface, per hour 


21 


i 
{ 
Main engines, H.P. cylind _ 
I.P. cylinde 
L.P. cylinders, 926.4 1,258.5 
. 
22.5 28 4 
7-3 8.2 
66. 
6,938.5 
-3438 
13,980. 
2.015 
22.66 
= 
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It will be of interest to compare the speed curve of the Ra/- 
eigh, determined by actual trial, with the curve computed by 
Passed Assistant Engineer C. A. Carr, U. S. N., published in 
volume III, No. 4, of this JournaL. In the annexed curve, the 
points plotted represent the indicated horse powers of the main 
engines only. Points 4, z, 7, were determined from results of trial 
on March 25th. Point g was obtained January 27, 1896, while 
steaming with all the boilers in use with open fire rooms and 
natural draft only during two hours in asmooth sea. The other 
points were obtained at different periods of the cruise while 
steaming in smooth water with a clean bottom. The speed was 
measured in every case by a patent log. 

As an approximate measure of the economic performance of 
the engines of the Ra/eigh at different powers and speeds, the 
following table is given, showing the weight of steam in cylinders 
of main engines per indicated horse power per hour, computed 
from indicator cards. In each case, the mean result obtained 
from two or more sets of cards is given; but the individual cards 
gave remarkably uniform results. While the actual amount of 
steam which entered the engines, and that part which was con- 
densed in the cylinders and not accounted for by the indicators, 
could not be determined, it may be safely assumed that this 
amount was proportionately greater at the lower than at the 
higher engine speeds: 

Pounds of steam per I.H.P. 


Revolutions of main engines per hour computed from 
per minute. indicator cards. 


68.25 26.58 
73: 23.17 
81. 22.52 
83.5 21.82 
108.2 17.33 
146.75 18.49, 


¥ 
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ENGINEER DIVISIONS IN THE NAVAL MILITIA. 


THE NECESSITY OF ENGINEER DIVISIONS IN THE 
NAVAL MILITIA. 


[Paper read by Alfred Brooks Fry, Lieutenant and Engineer, Massachusetts Naval 
Brigade, before the Commanding Officers of the Naval Militia of the Atlantic 
Coast, on board the U. S. S. Mew Hampshire, New York.] 


The organization of the Naval Militia of the United States has 
been attempted and partly carried out on lines which differ widely 
from the conventional systems of foreign powers establishing a 
naval reserve, or marine system of coast defense. It is not the 
purpose of this paper to consider whether our present system is, 
or is not, best suited to our needs, but, firstly, to attempt to set 
forth the necessity of a Marine Engineer Force, as part of our 
Naval Militia system, and, secondly, briefly to sketch a possible 
method of embodying such a force. 

As to the need, it is almost time wasted to point out that, in 
marine affairs, old things have passed away, all things are become 
new, and no longer for any military purpose, is sail a factor on 
board ship. The tophamper of masts and yards has given way 
to boiler and engine, and topman and after guard of former times 
must be replaced by the new and varied ratings of the engine and 
fire rooms. 

May I turn aside a moment to say that, so far, those ratings 
have been rendered heroic more often by actual deeds than by 
any meed of praise in song or story. Witness Melville as the 
mainstay of the lost crew of the /cannette in the icy seas of the 
Arctic, or that fleet engineer of Her Majesty’s Navy who, with 
all the men of his division on duty, lies coffined in the Victoria, 
beneath the blue waters of the Mediterranean, dying with none 
of the “ pomp and circumstance of glorious war,’ but grimly, 
midst an Inferno, faithful to the last to their stations, sinking, 
that their shipmates of the deck might have a chance for life. 
Nor is it on ships alone that the engineer force has demonstrated 
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skill and devotion, instance Lieut. Cushing’s launch that blew 
up the Confederate ram A/bemar/e, with half its crew from the 
engineer division, where the machinist who drove the launch at 
the ram, literally under the muzzles of her guns, was no less 
heroic a figure than the gallant officer who set the torpedo. 

I trust this digression may be pardoned, made by one who is 
proud of his trade, for to all of us inspiration may come from 
every worthy example, nor “is any victory in vain.” 

Whatever view we may take of the functions of the naval 
militia, it is apparent that much of its duty must be done afloat, 
whether that duty be on ships of war, at sea, or coast defense ex- 
temporized gun vessels, torpedo launches, or in transport service 
for land forces. For all these uses, save possibly the last, noth- 
ing but steam can be considered. Note, then, the extraordinary 
condition of the naval militia. Save in two or three organiza- 
tions, it is practically wholly dependent upon the offices of out- 
siders in the most vital particular of steam engineering. What 
would be thought in these times of a body of infantry, which 
could not make route marches, a cavalry organization that had 
to employ men to lead the horses of the troopers, or of a battery 
requiring hired drivers to take the field? To be sure, these con- 
ditions existed in part in our ancient militia system, and most 
dearly in blood and treasure has our country paid for such 
neglect of the teachings of common sense. 

It may be argued that the foregoing illustrations are extreme, 
and that when the naval militia goes to sea, why, there is the 
Engineer Corps of the Navy, and if they go in extemporized 
gunboats, why, the engineers who serve on the boats in civil 
life can be hired to run them for the militia; so also with steam 
yachts and launches that may be used for torpedo or vedette pur- 
poses. 

The theory that the naval militia need furnish no engineer 
force when on men-of-war has up to the present time worked 
without difficulty, and, doubtless, if the naval militia were never 
to serve any other purpose than going nominally to sea, ten days 
a year, as a sort of hard scrubbing, hard living, good shooting 
set of passengers, it would continue to work, and no engineer 
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force, or, for that matter, nothing naval but name would be re- 
quired. Any body of militia existing on the seaboard, which had 
received some instructions in the handling of heavy guns, would 
be just as serviceable on ships as any body of so-called naval 
militia, the instruction of which has been almost wholly military, 
and which is rarely drilled in boats or on vessels of any description. 
On the other hand, it is firmly believed by many qualified officers, 
that the organization of each separate body of naval militia 
should approximate a ship’s company, 4arge or small ; a brigade 
or large battalion should contain every element necessary to man 
a coast defense vessel, or a large extemporized cruiser; a small 
battalion should contain every element necessary to man smaller 
ships or gunboats, with enough ordnance and steam specialties 
for vedette or torpedo boats. 

For engineers or firemen for duty on extemporized vessels, no 
naval officers or men can be spared. Of this we are informed by 
high authority. Capt. Taylor, President of the Naval War Col- 
lege, says in his paper, “ The Relation of a Naval Reserve to 
Coast Defense,” in the event of war, “ Roughly speaking, there- 
fore, we may say that by a great strain, we could scantily officer, 
(and man) the regular Fleet.” Accepting this statement as con- 
clusive, some may urge that an engineer force could be “ hired” 
from the merchant service. Aye, but are men who are “ hired” 
likely to readily submit themselves to regular discipline? Will 
those who have nothing but wages at stake, willingly thrust them- 
selves into danger, where they get equal share of the risk, but 
no part in the credit for success ? 

Time after time in our late Civil War, did masters, pilots, and 
engineers, from the merchant service, become officers and a part 
of the naval and military establishments North and South, ren- 
dering gallant and faithful service. Time after time did men from 
these same classes wisely refuse to subject themselves, as civil 
employés, to inglorious danger, when money alone was offered 
as the consideration. We know St. Paul’s estimate of the “ hire- 
ling,” and the hirelings of our day are not likely to be more 
valuable than those of scriptural times. 

Moreover, let us not deceive ourselves with the idea that the 
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engineer or fireman is not as alive to the honor of our country’s 
uniform, as are their shipmates ‘“ behind the gun.” 

Since then, necessity, policy and fairness, make us recognize 
the need of an engineer division in the Naval Militia, how can it 
best be formed? The Engineer-in-Chief of the Navy has ex- 
pressed his opinion that due consideration of local conditions is 
first necessary; granting this, yet certain general conditions pre- 
vail at nearly all large ports on the Atlantic Coast. There are 
large or small fleets of tugs, some coastwise and some excursion 
steamers, in nearly every place. 

From these vessels not in active commission, and from compe- 
tent men employed ashore, there can always be enlisted in the 
naval militia, machinists, oilers, water tenders and firemen, pro- 
vided some rational inducement is offered, and they are to be re- 
spected as part of the military system. It may be necessary, in 
some cases, to compensate them for lost time, for the fact must 
not be overlooked that the conditions of firemen and engineers 
who ship in these ratings differ vastly from that of all other 
men in the militia. The clerk or business man who ships as sea- 
man in the naval militia, finds in his duties afloat a great change 
from his duties ashore. He gets variety, exercise, fresh air and 
that relief from monotony of occupation, which medical author- 
ties pronounce the best rest for mind and body. But the man 
who shifts from the engine room of a merchant ship to that of a 
man-of-war, gets little change so far as scene and occupation go. 
The joint that leaks, the bearing that heats and the gauge glass 
that breaks are the same nuisances everywhere, and the engine 
room of the man-of-war is the hotter when forced draft and 
closed stoke holes are used ; also, the general comfort of fireman 
or engineer aboard ship is probably greater in the merchant 
service, especially on a harbor or coastwise vessel. 

The amateur sailorman may readily find that a number of in- 
teresting experiments may be tried with guns, large and small, 
with oars and boats, and even with vessels, provided there is sea 
room, and the commanding officer keeps in mind article 493, 
Naval Regulations; on the other hand, it is the experience of 
most, that marine engines and boilers afford little encouragement 
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for the display of amateur talent. Therefore, as stated, if under 
these conditions we ask skilled men to do skilled work for us, 
it is certainly fair to compensate them for time lost, should their 
circumstances require it. Also, since in the militia we can offer 
no pay for profit, it is doubly fair that we see to it that the man 
who fires, the man who oils, and the man on the platform are 
recognized as part of the military machine; that they are re- 
spected in their ratings, and that the same consideration be 
accorded them as is accorded their shipmates of the deck. 

These conditions have obtained in the organization with which 
I have the honor to serve. We have been aided and encouraged 
in every way by officers of the Engineer Corps of the Navy, with 
whom we have been brought in contact, and we have put afloat 
an engineer division that has been favorably reported upon, both 
by the State authorities and by naval boards and officers. It is 
not, by a good deal, the best organization that can be formed, 
but, to our mind, it is better than no effort at all in so important 
a direction. It is fair to state, therefore, that the conclusions of 
this paper are not drawn from theory alone. 

As to the actual form of organization, the writer presents the 
following brief proposal, which, having the approval of his com- 
manding officer, embodies our idea of an engineer division suit- 
able for a brigade in the Naval Militia: 

“In addition to the engineer and four machinists now author- 
ized, there shall be allowed the naval brigade an engineer 
division, consisting of four water tenders, who shall rate with 
quartermasters ; four oilers, who shall rate with coxswains; and 
twenty firemen, who shall rate with seamen. These petty officers 
and men shall be attached directly to brigade headquarters and, 
for them, the brigade commander shall be recruiting officer. 
They shall be armed, equipped and uniformed as the Commander- 
in-chief shall designate, and without expense to the men. They 
shall, if applying therefor, receive an annual compensation of 
$25, and in addition thereto, $2.25 for each day’s duty ordered by 
the commanding officer of the brigade, when approved by the 
Commander-in-chief. 

“They shall be assembled at least twice monthly for such drill 
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in infantry, artillery and in boats as the brigade commander shall 
elect, and when so assembled, or when on duty as a division on 
board ship, they shall be commanded by the brigade engineer, 
or by a machinist designated by the commanding officer of the 
brigade. 

“Any petty officer or man, in the engineer division thus allowed, 
may be fined an amount not exceeding $3 for each and every day‘s 
absence from any ordered tour of duty, and such fine may be col- 
lected by the commanding officer of the brigade through ordinary 
process. In all other respects, the petty officers and men of the 
engineer division shall be subject to the regulations and orders 
governing the naval brigade, Massachusetts Volunteer Militia.” 

Should it be deemed inexpedient or impractical to thus enlist 
oilers, water tenders and firemen, it would still, doubtless, be 
possible to include an engineer officer and several machinists 
on the staff of each organization of the naval militia, and these 
could be so selected as to insure their furnishing firemen as 
needed. But, in every way, the regular enlisting of firemen is 
preferable, and presents the special advantage of incorporating 
into the militia a body of men, citizens if you will, who would 
hardly become interested in our militia in any other way. 

In conclusion, may I venture to ask that those, who have hon- 
ored me with their attention, will honor me yet the more by at 
least considering the establishment of an engineer force in their. 
several organizations. We are banded together to serve a com- 
mon cause and a common country, and let us trust that our 
reasoning together shall be of avail. 

The time may be close at hand or yet distant, when our 
Nation’s need may summon us, but surely in a// things it is well 
to be prepared, and if prepared by earnest purpose, by proper 
equipment, by drill and organization, we cannot fail to maintain 
the right to our inheritance, nor to justify the voice of our people 
that shall bid us “ be strong, quit yourselves like men.” 

[The bill relating to the Massachusetts naval brigade was ap- 
proved by the acting governor of Massachusetts on March 28, 
1896, substantially as proposed in the above paper. 
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It provides for the organization of engineer, torpedo and sig- 
nal divisions, to be attached to brigade headquarters. The en- 
gineer division, which had already been provisionally organized, 
was formally mustered in on the same day, Lieut. A. B. Fry, the 
commissioned engineer officer, being placed in command. The 
four machinists were already in the brigade. The water tenders 
and oilers are taken from the members of the Association of Ma- 
rine Engineers and the Association of Stationary Engineers, the 
firemen being selected from the principal electric, pumping and 
engineering plants in Boston and vicinity. 

In the provisional engineer division, these men were enlisted 
as “seamen,” and then detailed when occasion required. The 
present form of organization is much better in all ways.—Epir. ] 
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CALCULATION OF HORSE-POWER FOR MARINE 
PROPULSION. 


By Lieut. CoLoneLt Tuomas ENGLISH. 


[Read before the Institution of Mechanical Engineers, January 30, 1896. ] 


The author desires to call attention to a method of calculat- 
ing, from the results of a single sea trial of one ship, the horse- 
power necessary to propel another ship, of the same type, at any 
required speed. By this method it becomes practicable, with the 
ordinary appliances of a shipyard, to approximate closely to re- 
sults which could otherwise be obtained only by the use of the 
refined apparatus of a model tank. 

It is generally agreed that the most accurate method at present 
known of estimating the resistance of a ship at any particular 
speed is that worked out by the late Mr. William Froude, which 
consists in separating the part of the resistance due to skin fric- 
tion from the part due to wave and eddy making. The skin 
friction varies with the length, area and nature of the wetted 
surface, and with a power of the speed less than the square, in 
such a way that it can be readily tabulated, whilst it is inde- 
pendent of the displacement.. The residuary resistance caused 
by wave and eddy making cannot be so dealt with, and at 
present can be satisfactorily ascertained only by trial, either of 
an actual ship at sea, or of a model in a tank. When this is 
done the residuary resistance at one other corresponding. speed 
can be calculated for any ship or model of the same shape, but 
of different displacement, according to Froude’s law of com- 
parison. This law is equivalent to the statement that, if the 
speeds of a model and of the ship which it represents are made 
proportional to the sixth roots of their respective displacements, 
the residuary resistances at these corresponding speeds will be 
proportional to the displacements. 
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Principle.—The method about to be described is based upon 
the self evident proposition that it will always be possible to 
make two models on such scales that, according to Froude’s 
law, the same absolute speed will for one of the models corres- 
pond with that of a ship which has been tried at sea, and for the 
other with that desired for a proposed ship. The actual resist- 
ance of the model of the ship already tried at sea can be calcu- 
lated by Froude’s method; and if the ratio of the total resistances 
of the two models at the same speed is found by trial, the actual 
resistance of the second model will be known. From this, also 
by Froude’s method, the resistance of the proposed ship at the 
desired speed can be calculated. The details of the calculation 
are as follows: If the total resistance of a ship of displacement D, 
at any speed V, be ascertained by trial, and it is desired to find 
the total resistance of a ship, on either the same or different lines, 
of displacement D, at a speed V,; let models of the two ships be 
made, of displacements d@, and d, such that 
a,_D), x (3). 
d, 

and let the following be corresponding quantities for the ships 
and models: 


Wave Skin Displace- 
Resistance. Resistance. ment. 


Speed. 


D, (V,\° 
Sy (p)=4 


Also let z be the ratio of the total resistances of the models at 


the same speed (+) 
dD 
Then 
d 


W, + =n + 
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x { + (ns, — sy } 


and the total resistance of the ship of ae D, at the 
speed V, will be 


from which the required horse-power can be obtained. 

The values of S,, S,, 5, 5,, must be calculated from tables 
of skin resistance. The value of W, must be deduced from 
the indicated horse-power required to propel the vessel D, at 
the speed V,, using an appropriate co-efficient for the ratio 

thrust horse-power 
indicated horse-power’ 

The value of z is obtained by attaching the models to the two 
arms of a horizontal lever, and towing from the fulcrum at a 


W,= w, X 


speed V, X (+) ; the relative lengths of the lever arms being 
1 


adjusted by trial, until the models tow steadily abreast. As this 
value of 2 can be obtained without knowing the actual resist- 
ance of each model, the delicate dynamometrical apparatus which 
forms one of the chief features of a model tank may be dispensed 
with, and the final result is arrived at by simple means. 
Apparatus.—In the diagrams, Figs. 1 and 2 show an apparatus 
which has been found to answer well for this purpose. It con-. 
sists of a small electro-motor, furnished with a resistance coil, 
and running at from goo to 1,000 revolutions per minute. At 
this speed the motor is adjusted to give off about one-sixth of a 
brake horse-power, or a pull of about 8.4 pounds through 631 
feet per minute on an endless piano wire, No. 18 music-wire 
gauge, or 0.036 inch thick, stretched over two pulleys 11% 
inches in diameter on horizontal axes about 350 feet apart. One 
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of these pulleys is connected with the motor shaft by belting on 
a pair of driving pulleys; and the other is arranged to stretch 
the wire by means of a weight, until the sag does not exceed 3 
or 4inches. The pulleys are supported by staging, so that the 
wire between them is suspended horizontally over the surface of 
any convenient sheet of water, such as a partially filled dry dock, 
not less than 5 or 6 feet deep. 

The towing frame is composed of steel bicycle tube, and con- 
sists of two similar and parallel levers, each 60 inches between 
centers, pivoted at their ends to the decks of the models, so that 
the latter will always be parallel to each other. The levers are 
graduated into 1,000 divisions of nearly ;/;-inch each, and are 
attached by short collars, which can bé clamped, at any required 
graduation, to pivots at the ends of a bar, which is of the same 
length—4 feet—as the distancg between the pivots on the deck 
of each model. This bar carries a vertical spindle, to which the 
lower wire is connected by a ring that can travel up and down 
the spindle, and thus allow for the sag of the wire. Vertical 
slotted guides embrace the wire at both ends of the bar, and 
thus keep the bar, and therefore the models, in a straight course. 
The details of the towing frame are shown in Fig. 3 for the trans- 
verse levers and in Fig. 4 for the longitudinal center bar. 

The models, the larger of which is about 10 feet long, are made 
of yellow pine, of ordinary shipyard workmanship, and are bal- 
lasted with lead to the required draught and trim; they are well 
painted, rubbed down, and varnished. Loose diagonal cords 
connecting the models serve as stops to prevent them from 
coming close together when one lags behind the other. The 
levers are always clamped at the same graduation on each; and 
this is varied by trial, until the models tow abreast at the re- 
quired speed. It is found that a variation of 4 inch, or 0.002 of 
the total length of the lever, produces a sensible effect upon the 
result ; and that the requisite speed can readily be obtained with- 
in limits of + 0.02 knot per hour. The models are brought to 
rest by disconnecting the motor switch and applying a brake, 
and after a run are towed astern to the starting platform by 
crossing the belt on the driving pulleys. 
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Example.—The following example will show the application of 
this method to determine the horse-power required for a torpedo 
destroyer of 300 tons displacement and 30 knots speed, on the 
lines of H. M. S. Janus and Lightning, built by Palmer’s Com- 
pany, Jarrow, of 247 tons displacement and 27.85 knots speed on 
trial. 


4 
The linear dimensions will be increased as (?:) or as = 
dD, 247 


or as 087 . The corresponding speed V, (F) of a model of 
1 


the Janus on ysth scale will be 278 = 6.23 knots. The scale 


of a model of the proposed ship, for which 6.23 knots is the cor- 
responding speed to 30 knots for the full-sized ship, is 
23.21 

The wetted surface of the Janus is 3,796 square feet. 

The wetted surface of proposed ship is 3,796 1.0677 = 4,321 
square feet. 


I I 
The wetted surface of a scale model is 3,796 308 = 9-49 
square feet. 


I 
The wetted surface of 23.21 scale model is 4,321 X 23.212 —_ 


8.02 square feet. 
Hence from tables of skin resistance, 


S,=0.0094 X 3,796 27.85'% =15,720 pounds. 
S, = 0.0094 X 4,321 X 30.00' = 20,500 
$, = 0.01124 X 9.49 X 6.23'% = 3.15 
Sp = 0.01124 X 8.02 X 6,23'%= 2.66 
Indicated horse-power of Janus at 27.8 knots == 3,840. 
Lightning at 27.9 “ == 3990. 
Mean indicated horse-power at 2785 “ = 3915. 


h h 
Wf the power 
indicated horse-power 


mean thrust horse-power = 2,349. 


be taken as 0.6, the 


4 
3 
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(6 
Hence W, + S, = pore 27,407 pounds. 


W, = 27,467 — 15,720 = 11,747 pounds, © 
It is found on trial that the ratio of the total resistances of the 
models is 


Hence the total resistance of the proposed ship 


W,+ S,=S,+ 4) x nW, + (25, — S,) \ 
1 1 


= 20,500 + 1.077" Jost £4,747 + 


8,000 (0.811 3.15 — 2.66) } 
= 34,000 pounds. 


34,000 6,080 30 


29 
33,000 » 60 3,132 PLP. 


Thrust horse-power = 
3.132 


56 51220 H.P. 


Indicated horse-power required = 


thrust horse-power 


So long as the ratio ; remains the same 


indicated horse-power 

for both ships, its assumed value may be varied between wide 
limits. Variation in the speed of towing, or in the condition of 
the surfaces, provided they are the same for both models or for 
both ships, may also take place without materially affecting the 
result. 

In Fig. 5, the method of calculation is shown in the form of a 
diagram, in which abscissz represent speeds in knots, ordinates 
measured downwards from the zero line represent skin resist- 
ances in pounds, and ordinates measured upwards represent 
wave resistances in pounds, The points indicated in the curve 
for the Janus represent the results of a series of speed trials at 
approximately the same displacement. The curves of resist- 
ances of models show the results when the speed varies with the 
sixth root of displacement, whilst the same lines are retained 


throughout. If the diagram were carried back far enough to- 
29 
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show the actual speed of 6.23 knots, at which the models were 
fowed, the ordinates representing their resistances would not be 
distinguishable on any reasonable scale; but the ordinates at any 
point within the limits of the diagram will equally represent the 
resistances of an assumed pair of models, increased in displace- 
ment as the sixth power of speed. 

If by means of a tank experiment the total resistance w, + 5, 
of a floating body of any convenient shape and size, towed at a 
speed v,, be ascertained, this resistance may afterwards be used 
as a standard for obtaining, by the apparatus described, the com- 


parative resistance of a model made to the scale (7) of any pro- 


posed ship whose speed is desired to be VY, 
Then 


6 
2 


V, 
W,= w, X (=) n(w, + 5) —s, } 
and the total resistance of the proposed ship will be 
V, 6 
S; +(=) { + — Sy \. 
wy 


It is obvious, however, that the calculation of indicated horse- 
power from this result is much more dependent upon the accu- 
thrust horse-power 
indicated horse-power 
speed v, and the condition of the surfaces, than it is in the method 
first described. 


rate estimation of the ratio , and of the 


DISCUSSION. 


The discussion (from “ Engineer’s Gazette,” Newcastle,) was 
opened by the reading of a letter from Mr. Froude, in which he 
said the method proposed was ingenious, and the advantage in the 
system rested in the fact that the two elements which are most 
difficult to estimate were approximately common to both models. 
He, however, suggested that when towing models of I0 feet long 
alongside each other, with a distance of nearly four feet between 
them, their respective waves might interfere with the result. 
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Professor Barr said that if the resistances were not exactly 
equal while the models were being towed, instability might re- 
sult, and the models would come together. He also had thought 
that the point made by Mr. Froude might arise in regard to the 
models interfering with each other. He would ask if there was 
any advantage in cost of production in using wood models over 
those made of wax, which were generally employed in tank ex- 
periments. 


Mr. Leslie Robinson referred to the examples given by the 
author in the paper, in which he determined the horse-power 
required for a torpedo boat destroyer of 300 tons displacement 
and 30 knots speed. The Janus and Lightning, built by Palmer’s 
Company at Jarrow, had. displacements of 247 tons, and they 
steamed on trial at 27.85 knots. The wetted surface of the Janus 
was 3,796 square feet; on the proposed vessel it would be 4,321 
square feet. The indicated horse-power of the Janus at 27.8 
knots was 3,840; whilst the Lightning, steaming at 27.9 knots, 
required 3,990 indicated horse-power. Working these figures 
out, the estimated horse-power required for the 30-knot vessel 
would be 5,220 horse-power. Referring to these figures, Mr. 
Robinson asked whether the details of the calculations set forth 
had been obtained by means of actual experiments from models. 
He asked this because the horse-power to give the speed seemed 
low, those accustomed to designing vessels of this class would 
give rather 6,000 indicated horse-power. 


Colonel English, in replying, said, with regard to the dis- 
tance apart of the models, and the interference of the waves 
thrown off by them, he had settled the distance from observation 
of the waves of an actual ship on trial. The distance was meas- 
ured of the waves going out at the stern, and the models were 
adjusted accordingly. It was an illustration of the beauty of 
Froude’s system that corresponding speeds in models repro- 
duced the actual wave formation made by the full-sized ship. 
Photographs had been taken of waves formed at sea, and the 
models in the tank were found to reproduce them. Professor 
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Barr had asked if the models closed together when the levers 
were unequal. He had not observed that, but as he had said, 
there were diagonal guides for preventing this difficulty, and 
‘thus the models were prevented from coming too close together. 
The trial referred to in the paper consisted of 11 runs, and all 
the time the models kept almost exactly abreast, and when the 
speed was adjusted they were perfectly equal over the whole 
course. The advantage of wood over wax for models for ship- 
yard work was that the ordinary workman employed could deal 
with the material. In regard to the proportion of horse-power 
allotted to the 30-knot boats, he thought that with 300 tons dis- 
placement the power would be as specified. 
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WATER TIGHT DOORS, AND THEIR DANGER TO 
MODERN FIGHTING SHIPS. 


By Caprain THE RicHut Hon. Lorp CHARLES BERESFORD, 


[Read at the Thirty-seventh Session of the Institution of Naval Architects, March 
25, 1896. 


The country is now thoroughly aroused to the fact that the 
punctual and certain delivery of our food and commerce, and 
even the existence of our Empire, depends absolutely on our 
command of the sea. Hostilities may be commenced by an at- 
tack upon weak points by torpedo fleets, by mining fairways, by 
the attempted destruction or interruption of commerce by cruisers 
or torpedo boats or even, indeed, by the levying of indemnities 
upon undefended towns; but whatever the result of these prelim- 
inary efforts, the ultimate issue of a naval campaign must depend 
upon the defeat or success of the battleship fleets. It therefore 
becomes imperative that nothing which human foresight can 
conceive should be left undone to insure that the individual ships 
of the battleship fleet will resist as lon 
modern elements of danger to be faced in action, z. ¢., the gun, 


g as possible the three 
the torpedo and the ram; and also those unforeseen contingencies 
inseparable from the life of a fighting ship whether in peace 
or war. It appears to me that every effort has been made, as 
far as human ingenuity has gone at present, to secure a ship 
floating after a severe gun action, but equal attention has not, 
in my opinion, been paid to this consideration in the event of a ship 
being badly wounded by ram or torpedo. It is to reduce the 
probability of losing a vessel through the agency of these 
“elements” that I make the following proposals. 

A battleship is a variety of compromises, and water tight doors 
form one of those compromises. The water tight door compro- 
mise may be defined in the following manner : It is the safety of 
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the ship v. the convenience of the departments. In my opinion 
the safety of the whole ship is infinitely more important than the 
convenience of the different departments. According to the sys- 
tem which obtains at present we put ourselves to great trouble, 
inconvenience, and expense, and add enormously to the weight 
of our ships (a most material point) by building a large number 
of bulkheads athwartships, and fore and aft, to ensure her safety 
when wounded below the water-line. Then, in order to defeat 
our original object, we cut a great hole (often two) in each bulk- 
head for the convenience of the different departments on board, 
and so practically reconvert the ship into one compartment. It 
has so often been proved that the holes are invariably open when 
an unforeseen contingency occurs. 

I am well aware that this matter has been one of continual 
debate and discussion amongst the separate departments, the sea- 
man, the constructor and the engineer, who have to use their 
expert knowledge in deciding the many complex and tremen- 
dously difficult problems involved in the construction of a 
battleship. I am therefore somewhat diffident about putting 
forward my idea in the face of the expressed opinion of the con- 
stituted authorities, who have devoted their energies to the con- 
sideration of this matter; but, having for some -years given this 
subject my earnest attention, and knowing the opinion of a very 
large number of my brother officers, as well as constructors and 
engineers outside the Service, I have come to the conclusion 
that there is a great diversity of views on the water tight door 
question. In view of this diversity of opinion, and the fact that 
the French have almost entirely done away with water tight 
doors in their new ships, I venture to lay my arguments in favor 
of a reduction in the number of water tight doors before the 
highest community of experts on such a matter that the country 
can produce. 

It isa fact that upon the loyalty of water tight doors when closed, 
and upon the assurance that they are properly closed, depends the 
power of a battleship to float when wounded by ram, torpedo, or 
possibly the gun. In war time our ships will not always be in 
action, but they will nevertheless be exposed to dangers (princi- 
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pally of submarine explosions) which may be totally unlooked 
for, and in the nature of a complete surprise. 

Although all water tight doors would be closed on going into 
action, it is possible, indeed probable, that all, or many of these 
might be open for ventilation or convenience, when one of the 
unlooked for contingencies I have suggested occurred. It has 
been authoritatively stated, for instance, that the cause of the loss 
of the Victoria was that the water tight doors were not closed, and 
it has been constantly proved to be impossible to close water 
tight doors in an emergency, no matter how well disciplined, and 
how gallant the ship’s company maybe. The splendid, but un- 
availing heroism of the officers and men of the Victoria was a 
shocking and terribly convincing proof. Other evidence exists, 
namely, Re a’/tala ramming at Lissa, Vanguard and Grosser 
Kurfiirst sunk by collision in peace time during manceuvres, and 
Blanca Escalada sunk by torpedo. It was reported in each case 
that, had it been possible to close the doors in time, the ships 
would have been saved. I believe it to be a fact that no ship 
has been saved when wounded below water-level at a moment 
when her water tight doors were open. If doors be open in an 
unforeseen contingency, or when the ship is rammed or torpedoed, 
it is allowed that the ship is in danger. The possibility is that 
her doors may be open. Hence the danger of having the doors 
at all. 

I propose to avoid the danger of that possibility by (1) doing 
away altogether with the greater number of the doors, and (2) 
by so modifying the size and position in bulkhead of some of 
those which remain, as to prevent a sudden rush of water being 
immediately distributed through different compartments in the 
ship, as occurred in the Victoria. 

The total number of doors in each of the following ships is :— 
Magnificent, with 150 compartments, 208 doors; Royal Sovereign 
and Repulse, 187 compartments with 148 doors ; Rodney and An- 
son, 121 compartments and 98 doors; Theseus and Hawke, 122 
compartments and 98 doors; and the Agincourt, 29 compartments 
and 17 doors. The old ships have few compartments, but much 
less doors in proportion. 
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The following list gives the number of doors in ships of the 
Magnificent class dealt with according to my suggestion :—(1) 
Doors I propose should be done away with, 19; (2) doors I sug- 
gest should be modified in accordance with my proposals, 23; 
excepting ammunition passage doors and (3) doors in which no 
alteration is proposed, 22. 

(1) By far the most important doors to do away with, in my 
opinion, are all on all decks below water line between 63 and 
105 stations—which bulkheads enclose the engine room and 
boiler room compartments. I agree that quick communication 
is necessary between the engineer officer and his subordinates, 
but quick verbal communication is all that is required; and, in my 
opinion, all demands could be met by a small scuttle. These 
compartments form the belly of the ship—the great floating power 
from which she gets her buoyancy. In case of one of them being 
flooded with water, or filled with steam from a fractured pipe, or 
other cause, the water or steam is immediately communicated to 
the whole belly of the ship owing to the impracticability of closing 
the water tight doors in an emergency—as shown by the exam- 
ples quoted. Now not only is each athwartship bulkhead pierced 
by a door (often two), but the midship bulkhead also has often 
two in each compartment. The next most important place is, in 
my opinion, right forward, where water tight doors should be 
done away with altogether in collision bulkhead, and I think 
they should also be done away with in the next bulkhead abatft, 
in order to be still comparatively safe if the collision bulkhead 
gives way. In fact, no opening whatever, either sluice valve or 
anything else, should exist in this bulkhead. The only way to 
get tothe foremost compartment should be by a manhole in deck 
above. 

[Incidentally it might be mentioned that I think (1) it would 
be advisable to shift the collision bulkhead further aft, so that it 
should be quite clear of all the strengthening pieces supporting 
the ram ; (2) that it should be far more strongly fitted than it is; 
and (3) that it should be rounded like a barbette instead of being 
at right angles to the side. ] 

(2) In the case of the doors I propose to modify, the large 
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doors should be replaced by small rectangular openings close up 
to the deck, at the top of the bulkhead, as shown in sketch. This 
proposal is intended to allow officers and men to get from one 
compartment to another quickly if necessary. The merit I claim 
for this fitting may be exemplified in the following manner :—If 
a ship be wounded by torpedo or ram in a compartment below 
the water line, the water will rush in with irresistible violence. 
With the present system of water tight doors, where the sill is 
nearly level with the deck, there is nothing to prevent the water 
rushing to all parts of the ship at once, and it becomes impos- 
sible to close the doors. 

With my proposal the water meets a solid bulkhead all round 
the compartment to a height of five, six, or more feet, according 
to the height of compartments. The water is confined for some 
appreciable time in one space, and this gives ample time to close 
and secure the “ rectangular opening ” at the top of the bulkhead. 
Another point of advantage I claim for this suggestion is that 
bulkheads having small openings in them must, on the face of 
it, be stronger than bulkheads having large doors, reaching for 
nearly their whole length, from deck to deck. In the event ofa 
ship being rammed, the violent blow will not only disturb bulk- 
heads locally, but is certain to disturb bulkheads at some dis- 
tance from the point of impact. Bulkheads with small openings 
as proposed are certain to withstand the shock better than bulk- 
heads having large apertures as at present. 

If a ship be wounded by torpedo or ram in a compartment 
above and near the water line (so that water can enter), the utility 
of my proposal is equally great, as the solid bulkhead will con- 
fine the water to one locality. Even were the water tight doors 
closed in battleships, I have no faith in the strength of the 
fore-and aft bulkhead in engine and boiler rooms Even when 
strengthened by Z-angle irons, as has been done lately, it is not 
strong enough; and the test for this bulkhead should, in my 
opinion, be far more stringent than that now employed, z. ¢., being 
pumped on with a hose. 

(3) In the case of the doors in which no alteration is proposed, 
they are necessary for the fighting efficiency of the ship, as there 
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are certain places where doors are necessary (such as for the 
supply of ammunition), and in bulkheads of compartments, that 
have no ladderway or escape through deck overhead. It is no 
use arming ships with quick firing guns unless the line of com- 
munication from the magazines to the guns allows for constant 
supply and quick delivery. 

There are only seven doors in the whole ship below the water 
line that, in my opinion, should remain. The doors that are 
necessary should, I think, be improved. I cannot conceive a 
worse principle than is employed for closing the hinged doors 
in the British Navy. The hanks and butterfly nuts have each 
one to be secured or screwed up separately. The consequence 
is that in a panic or sudden emergency, you invite an accident, 
as it is unlikely that men will remain to secure each hank and 
each butterfly nut, without which the door cannot be effective. 
I have seen many doors, a great deal better than the ones em- 
ployed in the Navy, of the same weight and about the same'price. 
The principle that should be enforced is that it should be possi- 
ble to shut the door and secure it in one movement. 

Owing to the length of my paper, I do not propose to enter 
into details conerning the doors of the other classes of ships I 
have named, but I am most strongly of opinion that in fighting 
ships of all classes the suggestions I have made should be carried 
out in each ship building, and that ships built should be altered 
in the direction I advocate. It is only by using foresight that 
possible, and I consider probable, dangers may be avoided. 

In the very latest class of ship building (Zerrid/e) we appear to 
have gone more mad on water tight doors than in any other 
class. The engines and boilers in the belly of the ship are in 
ten different compartments, and in these ten different compart- 
ments there are sixteen doors. A system of construction that 
appears to me to be simply risking the safety of the ship by 
preventing the bulkhead from carrying out the object of its 
existence. 

It will be argued that owing to the excellence of our drill and 
discipline it is possible, from constant practice, to close these 
doors in time to save the ship after an accident has occurred. I 
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entirely disagree with this, and have given proofs that it cannot 
be done. The system of closing doors by evolution as to time 
invites an accident. As all captains well know, the men will run 
down, if allowed, heave one or two hanks over a vertical door, or 
let fall a horizontal door without screwing up all butterflies and 
report it closed, which is true, but the door is not properly 
secured. If the water got the wrong side of the bulkhead or 
deck, the door would immediately burst open. The argument 
that my proposals will affect the ventilation of the ship cannot be 
sustained in these days of mechanical ingenuity for overcoming 
difficulties. 

Lately—within a few weeks—I paid a visit to Toulon, and was 
greatly struck to find that the two new French ships, Carnot and 
Jaureguibery, building there, have been constructed, so far as the 
water tight door question goes, almost exactly as I have advocated 
for some years. These ships have not one single compartment 
that goes right across the ship. Their six boiler and two engine 
rooms are entirely cut off from any communication with each 
other, except by voice tube. The only ingress or egress is by 
small rectangular openings at the top of the bulkheads, and level 
with top of boiler in boiler room, and top of cylinder in engine 
room. To get from one to another it is necessary to go upa 
ladder, cross a deck, and then descend again. Even their sub- 
merged tubes are in separate water tight rooms with solid bulk- 
heads, instead of both being in one great space with doors in it, 
according to the English custom. Moreover, the fore-and-aft 
bulkheads are far more strongly secured than ours. Every three 
feet there is a heavy H iron (like a railway rail) bolted vertically 
to bulkheads. They have also the same principle in use with 
regard to small openings in bulkheads above the water line, as 
I advocate. These openings are oval, and on the top of a 
combing about 4} feet high. It is necessary to put one foot 
through and then your bent head, to get from one compartment 
to another. 

The French ships, owing to the disposition of their weights, 
are not so stable as our ships, and it may therefore be argued 
that, with this knowledge, they divide their ships into smaller 
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and more numerous compartments. But, though our ships may 
be more stable, I prefer to localize the water as much as pos- 
sible when it does enter through the effect of a wound. 

I most earnestly commend to the attention of the Institution 
of Naval Architects the views I have enunciated in this paper. 
I maintain that, with such practical facts as the Victoria, &c., 
staring us in the face, we are quite wrong to continue the sys- 
tem of water tight doors at present adopted in our Navy, par- 
ticularly in the case of battleships. 

The battleship fleet upon which we most rely, consists of only 
twenty-two ships (I speak of the modern ships), out of which 
seven cannot be ready for the pennant for a year or more. I do 
not count the twelve light-ended ships, as I consider if they get 
into “close action” they will go down bottom up after the first 
twenty minutes; and I do not count the fourteen battleships 
armed with muzzle-loading guns, as there is no place you could 
put them in an action where they would have a chance even 
against small cruisers, armed with modern breech loading quick 
firers, as the small cruiser has not only the advantage of speed, 
but of range as well. Therefore, do let us be perfectly certain 
that there is, as far as human foresight goes, no weak point in 
those ships upon which we do depend, and which should have 
the power to keep afloat under almost any contingency. 


SUMMARY. 


The summary of my contentions is: 

(1) Many water tight doors can be abolished. This would add 
to the safety of the ship. 

(2) Many water tight doors can be modified with the same 
advantage. 

(3) That where water tight doors are necessary of their present 
size, they should be constructed on a better principle than those 
we now use. 

(4) That all these alterations in construction can be carried 
out without affecting the fighting efficiency of the ship. 

My object in writing this paper is to invite discussion from 
those shipbuilding experts who are best able, by argument, to 
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prove that those who agree with me on this all-important ques- 
tion are right or wrong. 

{ Nore.—For abstract of the discussion on this paper, see the 
end of the following paper.—Ebr. ] 


WATER TIGHT DOORS. 


By Coronet N. Direcror or NAVAL CONSTRUCTION, 
Roya Navy, MEMBER. 


{Read at the Thirty-seventh Session of the Institution of Naval Architects, March 
25, 1896. 


The subject of water tight bulkheads, in relation to the safety 
of ships, has been fully dealt with in various valuable papers 
read before this Institution; but, as far as I am aware, not suffi- 
cient importance has been given to water tight doors, on the 
efficiency of which so much of the efficiency of the bulkheads 
themselves depends. 

That things in this matter are not satisfactory is made apparent, 
not only by sad disasters, but by the general opinion that a water 
tight bulkhead, to be really efficient, ought to have no water tight 
doors whatever. Of course much of this feeling is due to daily 
experience, showing that the human factor is not always to be 
relied upon. And, of course, strong and perfect bulkheads and 
water tight doors are of no use when the latter are neglected, or 
left open unnecessarily, or when no sufficient drill is practiced 
on board to secure their being shut quickly when needed. But, 
apart from this, a good deal of distrust is still due to the doors 
not being always made in the best way to secure promptness of 
action and efficiency. And the scope of this paper is to pass in 
review the various systems of water tight doors adopted, and to 
draw from it the requisites which the latter ought to satisfy to 
secure the best practical results in the conditions of service under 
which they are to act. It is at sea that these conditions princi- 
pally manifest themselves, and it is specially at sea that danger 
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exists and the functions of water tight doors have occasion to 
and must exert themselves in the most efficient way. 

In respect to the said conditions, water tight doors may be 
divided into three classes: 

(a) Water tight doors, at or below water line which, in a sea 
way, can be kept always completely shut, or if needed open it is 
only occasionally and for a short time, after which the doors can 
be restored to their shut up position. Water tight doors well 
above water line. 

(4) Water tight doors below water line, between compart- 
ments, such as the engines and boiler-room compartments, 
through which communication when the ship is at sea is perma- 
nent or practically so. 

(c) Bunker water tight doors, which not only are to be kept 
open in a seaway, but are also liable to be jammed by coal when 
closing. 


HINGED WATER TIGHT DOORS. 


Water tight doors under head (a) do not require toclose quickly, 
and, therefore, are usually made hinged, in which form a good, 
simple, light and efficient water tight door can be obtained. 

Figs. 1, 2 and 3 show how these doors are generally made. 
The hinged door has, all round its edge, screw or lever latches to 
keep the door when shut well tight against the seat frame. For 
bunkers above protective decks screw latches are preferred, all 
independent and worked only from one side, as in Fig. 1. The 
seat frame is generally fitted with india rubber or tuck packing, 
but when absolute tightness is not necessary, as is the case with 
coal bunker bulkheads above protective decks, or with doors well 
high above water line, the packing can be dispenséd with, the 
seat being then a simple solid frame of rectangular section, as 
shown in Fig.2. These solid frames, while efficient, are econom- 
ical, as they dispense with the packing, which is expensive and 
subject to rapid deterioration. Various packings, other than 
india rubber or tuck packings, such as cotton packing in a natural 
condition or well greased, leather, &c., have been tried; but, so 
far, none of them have yet been found to combine durability, 


WATER TIGHT DOORS. 329 


efficiency and cheapness in the desired degree. Doors in pas- 
sages through bulkheads have lever latches workable from both 
sides, as in Figs. 2 and 3. These latches, when the doors are 
well above water line—as passage doors on main decks—may 
be fitted only along the edge opposite to the hinges and con- 
nected all to one handle, in which way they can be worked 
together at one time (Fig. 2). Latchless doors have also been 
resorted to. In this case they are double, viz., they have two 
shutters working opposite one to the other on the two sides of 
the bulkhead, so that whichever side is flooded there is always 
one of the two shutters pressed to close by the pressure of the 
water itself. Suitable springs cause both shutters to close when 
released after having been opened. These doors are said to be 
handy and efficient. 


SLIDING WATER TIGHT DOORS. 


Water tight doors under head (4) require efficiency and quick- 
ness combined. Therefore, they are usually made of the sliding 


form, and workable both from the door itself and from the decks 
above. They are made to slide vertically or horizontally, ac- 
cording to space available; but vertical sliding is preferred, when 
possible, as the door can be made comparatively simpler and 
lighter. Some people are of opinion that vertical sliding is also 
preferable, as being faster when closing, but, with proper arrange- 
ment, horizontal sliding need not be inferior in this respect, 
while certainly it offers greater easiness of manceuvre when open- 
ing. This point is worth consideration, and will be dealt with 
more fully later on. When horizontal, the doors slide on run- 
ning wheels, by which they can be worked rapidly, both when 
opening and closing, without being subject to jam, as is the case 
when they slide on the guides. 

The wheels are fitted in such a way as to be get-at-able for 
inspection and repair. 

Horizontal sliding doors are generally worked by a rack and 
pinion gear, the rack being fitted to the door and the pinion to 
a vertical shaft leading to the main deck above. A hand key, 
which is kept always ready near or on the door itself, can be 


| 

| 

| 

| 

{ 

| 

| 

‘ 

| 

> 

| 

> | 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

if 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

| 

{ : 


330 WATER TIGHT DOORS. 


quickly geared on the pinion and used as a handle to work the 
door from its place. In this way the door can be opened and 
closed easily by the same person who wants to pass through it— 
an advantage which is not secured with vertical sliding doors, 
except by special arrangements. 

Fig. 4 shows an ordinary horizontal sliding door, as usually 
fitted on board ships. The lower side of the door frames of slid- 
ing doors, when grooved to form a guide to the shutter, is liable 
to get choked with dirt, and to prevent this the guide is usually 
covered with a lid, which opens automatically when the door is 
closed. To avoid the necessity of this cover, the lower side has 
generally no guide. 

If we turn a horizontal sliding door 90° on its plan, we have a 
vertical sliding door needing no alteration for its working. 
However, with vertical sliding, the gear, instead of a rack and 
pinion, is generally a fixed vertical screw shaft working in a nut 
attached to the door (Fig. 5.) With this arrangement the move- 
ment of the door is slow, both when opening and closing. Such 
slowness is not convenient, specially when closing, which opera- 
tion, in time of emergency, ought to be as quick as_ possible. 
To secure this result various devices have been resorted to, a 
usual one being an eccentric or some similar apparatus by which 
the nut is thrown out of gear when the door is to be shut. 
Then the shutter falls down quickly by its own weight (Fig. 6). 
(This implies, of course, that the door is closing when the 
shutter is lowered, as is generally the case.) 

The disengaging gear, as above described, is open to two ob- 
jections: (1) When released it leaves the door free to fall sud- 
denly, and gives no means of checking or regulating the descent; 
therefore it is dangerous, as the door may be released just at the 
moment a person is passing through. (2) When the shutter is 
down it is sometimes not easy to put the nut in gear again to 
force the shutter well against the seat frame. To avoid these 
defects, in lieu of the nut a brake is fitted to the door, as in Fig. 
6, or two worm wheels with locking brake are fitted, embracing 
the screw shaft (Fig. 7). These wheels are locked fast when the 
shutter is raised, but can be made loose at any convenient de- 
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gree when the shutter is lowered. When locked they act like 
a screw nut, in which a screw shaft is revolving. When loose, 
they simply turn freely and glide along the screw shaft. There- 
fore, the shutter can be regulated at will on its descent, and can 
be forced tight against the seat, when down, by simply tighten- 
ing the locking brake when the screw shaft can be used to force 
the shutter. 

The tightening brake can be locked both from below and 
from above deck as convenient. The gear, whether rack and 
pinion or screw shaft and screw nut, is usually worked by hand, 
but now that electric power is generally available on board 
ships, the said manceuvre can easily be made by a small electric 
motor fitted to the hand shaft of each, door, as shown in dotted 
lines on Fig. 8. This arrangement, which has already been 
fitted on board ships of the U. S. Navy, has two advantages. 

(1) The door can be opened and shut instantly by the person 
who wants to pass through, simply by making and reversing an 
electric contact. 

(2) The closing of all doors that might happen to be open in 
time of emergency can be effected by a single person—by the 
officer in command on the bridge. The electric arrangement 
does not impair the efficiency of the hand gear (which is needed 
all the same, should the electric current fail), as, when the 
electric current is interrupted, the electric motor offers but little 
friction, which can easily be overcome by the hand gear itself. 

Possibly the same advantages might be secured in a ‘more 
reliable and efficient way by using hydraulic instead of electric 
power. A simple, small, hydraulic cylinder, with reversing valve, 
fitted to each sliding door and connected to a pipe carrying the 
compressed water, would be all that is necessary. The force for 
working a water tight door being comparatively small, a small 
quantity of water at a very moderate pressure, such as is available 
on the feed pipes of the boilers of the ship, would be sufficient 
for the purpose. And, as in a sea way the feed pumps are 
always at work, the feed water pressure for working the water 
tight door would be always available and ready. With the 
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addition of a hand force pump and accumulator to supply the 
water pressure when the boilers are not at work, the whole 
arrangement would serve the purpose in a complete way, whether 
the ship is at sea or in harbor, and, being practical and reliable 
and of easy maintenance, it could dispense with the hand gear 
which then would be superfluous. The accumulator need not 
be large. With a water pressure of 150 pounds, a water capacity 
of a few cubic feet would be sufficient to work a dozen water 
tight doors at a time, which number is ample even for a big 
ship. 

The advantages above enumerated are, in my opinion, worth 
consideration. In fact, why are water tight doors objectionable ? 
Principally because they are kept open. And why are they kept 
open? Simply because the operation of opening and closing 
them is tedious and slow and fatiguing. Reverse this condition, 
give the man who wants to pass quickly through a door the 
means of opening it rapidly by simply pulling a small lever, let 
the lever, as soon as it is released, go back automatically and 
close the door after the man has passed, and then, I think, you 
will see the sliding water tight doors fulfilling their important 
function of allowing a free communication between the main com- 
partments of a ship, without impairing the safety of the ship. 
This refers to passage water tight doors. For bunker doors 
which are necessarily kept open at sea, the difficulty would also 
be overcome by the hydraulic arrangement, as by handling a 
simple main valve the officer in command would be able to close, 
in a few seconds, all water tight doors that might be open at the 
time. 

A difficulty would still exist, to a certain extent, on board 
warships, where the bunker holes on protective decks are kept 
shut. In these ships the coal trimmers, on closing the doors, 
would be practically shut in the bunkers with no possibility of 
escape; a condition not very pleasant. And it is this fear of 
being so imprisoned that has prevented the success of all schemes 
for suddenly closing the bunker doors, as the coal trimmers, to 
avoid such an awful fate, contrive means for jamming the doors 
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to prevent them being shut. Therefore, should any arrangement 
for closing suddenly the bunker doors be resorted to, it ought 
to be completed by giving proper means of escape to the coal 
trimmers. 

The sliding shutters of water tight doors, whether for bunkers 
or for passage through compartments, when shut, are usually 
forced and kept tight against the seat of the door by means of 
inclined guides or wedges. This arrangement is open to objec- 
tions, as the wedges are needless when the pressure of the water 
acts to keep the shutter self tight against the seat, and they are 
generally inefficient when the water pressure acting on the oppo- 
site side tends to force out and detach the shutter from the seat. 
Moreover, the guide wedges, to be efficient, must press hard, 
with the result that the door is then hard to open. To avoid 
these defects, double seat water tight doors may be resorted to,,. 
which are self tight, whichever of the two sides of the door is. 
pressed by the water. Figs. 7 and 8 show two double seat water 
tight doors, one vertical and one horizontal sliding, as fitted on 
board the Royal Italian cruiser Z/da. 

Double seat doors are naturally heavier than single ones, but 
at the same time, they are more robust and rigid, which is ad- 
vantageous to prevent deformation and insure tightness. There 
being no wedges to tighten the shutter, as this function is ful- 
filled by the water pressure itself, the shutter, when the door is 
shut, in ordinary condition, is free to glide along the guides, 
with the result that little force is necessary to move it and open 
the door. On account of this freedom, double seated doors can 
be also easily balanced with counterweights, in such a way that 
they will close gently by themselves as soon as the person who 
has opened them has passed through. Double seat doors have 
necessarily a grooved guide on the bottom or threshold, which 
would be liable to get choked with dirt, unless it is kept covered 
or in some other way protected when the door is open. Fig. 7 
shows an automatic cover as fitted to the vertical sliding door. 
In the horizontal sliding door (Fig. 8), the protection of the 
bottom groove is given by a tail filling piece carried by the 
shutter to fill the bottom groove when the door is open. 
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BUNKER WATER TIGHT DOORS. 


Bunker water tight doors are generally vertical sliding, single 
seated, screw-shaft geared, and close, as usual, downwards 
(Fig. 9). 

These doors are generally acknowledged to be defective, on 
account of the coal that lies on their threshold when open, and 
which opposes an obstacle when the shutter is lowered to shut. 
Moreover, the pressure of the water inside the flooded bunker 
tends to open the door, which, therefore, is scarcely water tight, 
specially at the bottom, where there are no wedges or guides to 
keep the shutter well pressed against it. Both objections would, 
in my opinion, disappear if the door be made double seated and 
close upwards, as then it will always be self tight, whichever side 
of the bulkhead is flooded; and the coal that might lie on the 
threshold would fall down by itself, in the stokehold or in the 
bunker, when the shutter is being raised. From the working 
model (exhibited) of such a door, it will be seen that the door is 
double seated and closes upwards, the shutter, when the door is 
opened, being lodged in a box at the bottom, and filling with its 
upper edge the threshold groove. Nay, this upper edge forms 
the bottom of a frame cast solid with the shutter, and which fills 
the grooves of the door all round, and keeps them clear. More- 
over, top and bottom of the door aperture are not straight, but 
convex, and the corresponding edges, both of frame and shutter, 
are made sharp, to facilitate the crushing and shearing of the 
coal, should any piece of it rest on the top edge of the rising 
shutter. The door is worked by the usual screw shaft gear, gear- 
ing in a nut fixed on top of shutter frame. Of course, any other 
gear might be fitted instead. 

With the proposed arrangement, the threshold of the bunker 
door is higher than the bottom of the bunker by the whole height 

of the shutter; but by limiting the height of the door opening 
to two feet, which is sufficient, the said threshold, in ordinary 
cases, need not be more than a few inches above the boiler plat- 
form, as is usual at present. 
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WATER TIGHT DOORS. 


[Discussion on Water Tight Doors, from “ Engineering.’’] 


These two papers were taken together and the discussion was 
opened by Admiral Wilson, who said he had been captain of the 
sister ship to the unfortunate Victoria when that vessel was sunk, 
and, therefore, the question how to make ships of war safe had 
been forced upon his attention with double force. With regard 
to the effect of subdivision of ships in time of war, our vessels 
would be largely engaged in blockading the enemy’s ports. If 
it could be so arranged that a ship would take one blow from a 
torpedo without the certainty of being sunk, an admiral would 
be more likely to take her in close to the enemy’s port, because 
he would know that even if his ship were damaged, she might be 
got to dock and repaired in a comparatively short space of time. 
The naval officer and the naval architect alike would wish to do 
away with water tight doors if it were possible, but it was not. 
As at present arranged, the openings in bulkheads between 
engine rooms necessitated the going down of two or three steps 
and up again on the other side; he would alter this by raising 
the opening, so that it would be necessary to go up the steps 
first in passing through. It must be remembered that in cases 
of torpedo attack there would be generally no time to close water 
tight doors ; torpedoes were mostly a weapon of surprise. There 
must be communication, however, between the parts of a ship, 
but it was a question whether it need be so ample as at present, 
He did not see any necessity for the engineer to go through 
doors to the magazines and various departments outside the 
machinery department, as in the Sanspareil. He believed the 
arrangements were better in the newer vessels. There was one 
reason why so many doors were necessary beneath the armored 
deck ; if that deck had few hatchways they must burrow under 
it; that was‘the main danger, and accounted for the loss of the 
Victoria. It was necessary that the effect of filling compartments 
should be more considered, both in regard to trim and heel. He 
had made certain calculations with regard to the Sanspareil ; 
one compartment would hold 1,000 tons of water; supposing 
there were no longitudinal bulkhead, filling this would bring 
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the ship down 2 feet ; if a longitudinal bulkhead were fitted, the 
quantity of water admitted would be 500 tons; this would be on 
one side of the ship and the additional total immersion would be 
equal to an increased draught of 1 foot. The heel of the ship, 
however, would bring one side down 6} feet below the original 
water line. He had made calculations with regard to filling 
bunkers. One of 100 tons placed on one side of the ship, if 
filled, would bring that side down 2 feet; this would be the same 
as if a whole compartment before referred to were filled. If, how- 
ever, a similar bunker on the other side of the ship were put in 
communication with that first named, the ship would not heel, 
and the additional immersion below the water line would be but 
a few inches on each side. In the case of the Victoria, Sir Wil- 
liam White had pointed out that in the compartments affected 
by the collision there was no longitudinal bulkhead; one of the 
principal compartments, however, was the foremost coal bunker 
of the starboard side. If this had communicated with the port 
bunker, so that both would have been filled, the ship would have 
been more immersed forward, but would not have heeled so much, 
and it was possible that under these circumstances, the battery 
door, through which water gained access, might have remained 
above water. In the Sazspareil they would be safer with all 
four boiler rooms full than with only one full. Speaking, gener- 
ally, naval officers often ask for doors in bulkheads, without real- 
izing what the effect of them would be in the case of flooding. 
A Russian officer had made an admirable suggestion to him, 
namely, that a scale model of a ship should be made, and that it 
should be filled with tin boxes representing the compartments; 
these should be removable, and by taking one out, so that water 
would be admitted in its place, the effect of flooding a compartment 
would be shown. This model should go with the ship on service, 
so that instruction might be given to all the officers. 


Sir William White said that he indorsed the remarks of 
Admiral Wilson, but in speaking he was under some restraint. 
He could not criticise the work done by his colleagues in France, 
where he had been most hospitably given an opportunity of going 
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through the ships neither could he follow those who commented 
on various war vessels for the construction of which he was re- 
sponsible. He could only say generally, in regard to longi- 
tudinal bulkheads, that he agreed with. the principles laid down 
by Admiral Wilson; it was, however, the practice of the Ad- 
miralty to thoroughly consider in all respects the effect of throw- 
ing open an important compartment to the sea. Regarding the 
proposed diminution in the number of water tight doors, Sir 
William could not remember whether there were 208 doors in 
the Magnificent or not ; but allowing the figures to be right, Lord 
Charles Beresford proposed to do away with no more than nine- 
teen of these. That was not a sweeping change. In connection 
with the design of the Royal Sovereign class they had asked 
opinions from naval officers as to how many water tight doors. 
could be dispensed with, and only one had been suggested. A 
captain could close and lock any door he wished to, so that the 
naval officer had the remedy in his own hand if he found too many 
water tight doors. Lord Charles had said that a door weakens 
a bulkhead ; this was not so, because there were compensations. 
It seemed to him that the meeting was now discussing a ques- 
tion that had been well thrashed out twenty years ago, after the 
loss of the Vanguard ; then Sir Nathaniel Barnaby took the very 
action now recommended, that ships should be built with doors 
high up and communication between various compartments be 
abolished. Some vessels were constructed on these plans, but 
oficers demanded that doors should be at lower levels ; in fact, 
ships were sent to sea for years arranged on the plan suggested, 
and they were altered at the demand of naval officers. In an 
ideal ship, there would be no openings in bulkheads, but for 
practical purposes there must be doors. The problem to be 
solved was, how many, and this was one of the most serious 
questions that the naval officer and the naval architect had to 
face. As a fact, the doors, as now arranged, were placed in ac- 
cordance with the naval officer’s demands, ‘so as to secure’ long 
distance steaming at high speeds, easy handling of ammunition, 
habitability and ventilation. In regard to ’tween deck doors 
there were occasions when men must pass through very quickly, 
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and he did not think that the proposed doors could be used for 
this purpose. Lord Charles had spoken of the inefficient manner 
in which doors were closed. This was, however, the human ele- 

ment with which the naval architect had manifestly not to deal. 
~- Lord Charles would place the collision bulkhead further aft, and 
would strengthen it. Our ships have two bulkheads forward, 
and this was considered better than one. In the Camperdown's 
collision with the Victoria, the collision bulkhead was effective. 
In another collision, the ship Koénzg Wilhelm was saved by a 
second bulkhead. The middle line bulkhead was said to be in- 
efficient; the experience at the stranding of the Howe contra- 
dicted this. There the middle line bulkhead kept the water out 
of the boiler room, and the .boilers were worked on one side, 
while the adjoining compartment was full. 

Referring to the paper of Colonel Soliani, he did not propose 
to discuss the various forms of water tight doors illustrated and 
described; the contribution was an exceedingly valuable one, and 
he might say that Colonel Soliani only wrote it at his urgent 


request. The application of power to working doors had been 
suggested. This ultimately came to the scheme of the captain 
in the conning tower pressing a button and closing all doors; 
mechanically that could be done, but it had not been thought 
desirable on board a war vessel to increase the appliances neces- 
sary, but rather to trust to human means of carrying out the 
operations. 


Admiral Fitzgerald was the next speaker. The tendency of 
his remarks was in opposition to the views of Lord Charles. 
Formerly it had been the naval officer who had asked for more 
doors, and he instanced his former ship, the Co//ingwood, in which 
doors had to be cut in bulkheads in order to get at the boilers. 
The door that Lord Charles had shown was not suitable for 
passing through, unless for very active and small persons. It 
was said that the convenience of the crew must be subordinated 
to the safety of the ship; that was true; but he would point out 
that the cumulative convenience of the crew made up the fight- 
ing efficiency of the ship. 
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Admiral Fremantle was surprised that the question of hab- 
itability had not been touched upon; the naval officer and the 
naval architect had been mentioned, but no one had thought of 
consulting the doctor. Credit was due to the author of the paper, 
who, though a naval officer, had risen superior to the prejudices 
of naval officers. He had referred to the incomplete manner in 
which water tight doors were sometimes closed when the opera- 
tion was carried out in haste. Sir William White had looked 
on these remarks as a reflection on the officers and crew. When 
in command of the China station, he found that the doors were 
closed in a very short time, the drill being completed in 14 
minutes. He recognized that in competition things were often 
done more smartly and effectively, and he determined to test the 
matter, without saying anything previously to those engaged. 
When the word was given that all doors were closed, he sent 
down two officers, the engineer, who was not responsible for the 
matter, being one, to examine whether the doors were thoroughly 
secured. The report was very satisfactory. Sir William White 
had said that it was a matter for the captain of the ship whether 
the doors should be closed or not; he would point out, how- 
ever, that it was often very difficult for the captain to do what he 
felt would be right. After the Victoria disaster, he had given 
orders that certain doors should be always kept closed, but 
pressure was put upon him; the doctor complained, and he had 
to give way. Whatever came, they must give ventilation to the 
ship. With regard to the bulkhead question, the Admiral gave 
the result of what he had seen during the late war in the East. 
Two ships were sunk, in one case it was generally supposed 
through gun fire, but the captain had flooded the magazine, and 
the vessel turned over as she sank; another ship was torpedoed, 
and she capsized in five minutes. He saw her bottom-up two 
days after. It seemed to him that in a man-of-war there was a 
strong tendency to capsize, and anything that could be done to 
prevent this was worth doing. 


Admiral Colomb thought that naval officers would agree with 
a great deal that Lord Charles Beresford had said, their tendency 
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being to distrust the human element, upon which point they were 
the best judges. Lord Northbrook had had four or five conver- 
sations with the speaker in regard to bringing naval officers and 
naval architects into consultation in the initiatory stages of the 
design of a vessel, as it was so very difficult to alter plans when 
the work had proceeded far. The naval officer would make sug- 
gestions, but he would not know what would be the technical 
effect of his proposals in regard to those points which came 
solely within the province of a naval architect, such as stability, 
displacement, &c. In regard to openings in bulkheads, he would 
give an instance of their effect. In a ship he had commanded 
there was a sluice valve in the collision bulkhead; his predeces- 
sor had been very particular to keep this in working order, hav- 
ing the gear oiled and worked every day. He found that the 
only object was to drain the compartment; but if water were 
not admitted it was not necessary, whereas, if water did get into 
the forepart, the object of the collision bulkhead was to keep it 
there; he therefore had the sluice valve fastened up so that no 
one could open it. 


Mr. Martell said that in mercantile vessels there were formerly 
sluice valves in collision bulkheads; these were often left open 
so that water got through, and Lloyd’s, therefore, made a rule 
that no sluice valve should be in a collision bulkhead ; they also 
stipulated that if sluice valves were placed in other bulkheads, 
the arrangement should be such that they were always accessible, 
whatever cargo might be on board; in any case, they discour- 
aged them as much as possible. He would point out that the 
Admiralty were in a different position to Lloyd's. It was the 
duty of the latter body to make rules, and owners tried to do all 
they could to break them, or, rather, to bring pressure to bear 
in order to get a dispensation ; the committee, therefore, had often 
to give way. The Admiralty officers had not this trouble, as 
they were their own designers, often their own builders, and 
owned the ships themselves. He sympathized with a great deal 
that Lord Charles had said. If they kept the main bulkheads in- 
tact the ship’s safety would be insured, and would it not be worth 
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while to suffer some inconvenience to secure this end? In his 
position, he was squeezed, sat upon, and jumped upon, and he 
had to give way; but if he were the Admiralty he would never 
give way, and would have a large number of the existing doors 
closed. Where large steam pipes passed through bulkheads, it 
was often found impossible to keep the openings tight ; he would 
therefore recommend that the pipes should be taken up and over 
the bulkhead, or, at any rate, high enough to be above water. 


Mr. Seaton hoped to see Lord Charles’ views carried out. 
The water tight door question was a very old one indeed. Sir 

William White had carried it back 20 years to the days of the 

Vanguard, but he would refer to a still more remote period in the 

history of the Royal Navy, when the Royal George was lost at 

Spithead, through water tight doors being open in order to secure 

ventilation, and that brought in the doctor question even then, 

These doors, of course, were in the side of the ship, being, in fact, + 
the gun ports, through which the water came when the ship was 
careened. To judge from the discussion, the naval officer had 
the option of being either drowned or asphyxiated. Admiral 
Colomb had referred to a sluice valve ina bulkhead. He would 
give an instance illustrating this subject. In 1868, the extreme 
forward compartment of the Black Prince was tested for water 
tightness by being filled with water. There was no sluice valve 
in it; the dockyard people, therefore, did not quite see how they 
were to get the water out again, so they left it there, and the 
Black Prince, until the year 1890, actually went about with many 
tons of water in her forepeak. In fact, the admiralty only found 
out that the water was there by trying to make a sluice valve in 
the bulkhead. The onus of requiring these objectionable open- 
ings in bulkheads was largely laid upon the engineer, who was 
said to demand them in order that he might get about in his de- 
partment. In ships the speaker had fitted for mercantile pur- 
poses, there was no communication between the engine room 
bulkheads, and they were found to act very well. He had an 
engine telegragh inscribed “Stop,” “ Easy,” “ Half speed,” “ Full 
speed,” “More steam,” and this was found to be sufficient for 
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practical purposes. Why could not the same thing be done in 
Her Majesty’s Navy ? 


Professor Biles said that in the earliest iron battleships, bulk- 
heads were made without doors, and openings were put in at the 
request of naval officers. The chief difficulty that appeared to 
face the ship designer in trying to keep bulkheads intact, was 
that the engineer demanded a line of communication fore and aft 
in his department, so that he could get from the engines to the 
boilers. He would propose the adoption of three screws; to each 
propeller he would have a set of engines and boilers complete in 
themselves, each set being placed in a separate transverse com- 
partment. He thought that would be possible and would give 
effective subdivision. Though the triple screw arrangement 
would lead to a sacrifice of efficiency in propulsion, it might be 
worth while adopting it, as they would get more efficiency in the 

*safety of the ship. While the armored deck existed, it was ‘not 
possible to do away with piercing bulkheads unless the deck 
were pierced. He referred to certain Atlantic liners which he 
had designed, and which were without doors in the bulkheads. 
In that case, however, they were designed to be without doors, 
and all arrangements were made to meet this end. It must not 
be forgotten that the getting of coal to the stokehole from the 
bunkers accounted for a good many openings in divisions. He 
saw here a gentleman who had been chief engineer of one of the 
vessels he had referred to, and he hoped he would give his ex- 
perience. 


Mr. Gearing said that, in regard to what Professor Biles had 
just said, he had driven one of the ships across the Atlantic with- 
out doors in the bulkhead; in fact, he had been urged to have 
openings in the bulkheads, but had refused to accept them. The 
only thing he had to do was to make a proper arrangement of 
officers ofthe watch. He divided his engineer’s staff into groups, 
and it was so arranged that when the officer in charge left the 
compartment there was no question who took up his duties. As 
an instance as how well this arrangement worked, he mentioned 
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that on one occasion out of eight feed pumps all had broken down 
excepting one. He was proud to say, however, that they had 
not stopped the ship, but had kept her going at 12 knots with 
only one 6-inch double acting feed pump. On another occasion 
the main feed pipe burst, but even then they did not stop the ship. 
Of course it was only by a good system of communication they 
had been able to do this, especially when they had only one feed 
pump for all their boilers; he took up his position at the voice 
tube, and received reports as the water was running low in the 
various boilers, and directed the feed accordingly. 


Mr. Pilcher explained a door which he had devised and 
which would be automatically closed by the rush of water pass- 
ing through an opening in the compartment. The door was a 
double one, or rather was two doors rigidly fixed together at an 
angle of 90°. Whichever way the water passed, therefore, it 
would tend to close one or other leaf of the door, supposing, of 
course, the rush was sufficiently rapid. 


Lord Charles Beresford, in replying, said that the debates 
had thoroughly satisfied him that the water tight door question 
was one which ought to have been brought forward, and that 
the balance of opinion was on his side. Sir William White had 
said that out of 208 doors he, the speaker, only proposed to do 
away with Ig. That sounded very few, but then these 19 were 
in the vital part of the ship. What had been said about captains 
shutting doors at will was all very well, but the fact remained 
that the doors were not shut, and the country had in consequence 
lost three millions of money, besides many valuable lives. Asa 
plain matter of fact and experience, it was the doors being there 
that had lost the ships. It had been brought forward as an 
argument against him that the demand for more doors had 
come from his brother officers. That might be. All he could 
say was that he did not agree with them, and he thought the 
practical men were on his side. With regard to the small door 
high up in the compartment, although it might not be so con- 
venient as existing doors, it was designed to be more convenient 
than going right up on deck over the bulkhead. 


— 
= 
i 
° 
| 
— 
| 


344 WATER TIGHT DOORS. 


Reference had been made to the naval officer’s influence in 
building ships. Each man had different views as to what was 
most essential for a warship; one wanted one thing and one 
another ; it was very certain they could not all be satisfied, and 
some must give way. The question was, what was to be dis- 
carded? All the things asked for were doubtless valuable, but 
they could not all be included in a ship of anything like reason- 
able dimensions. When the Royal Sovereign was proposed, for 
the first time a reasonable course was adopted in designing a 
ship. Leading naval authorities were consulted, and Sir Wil- 
liam White found that to meet their views he would have to 
make his ships 17,000 tons each. Some had to give way; the 
question was, who? and by talking the thing over in a business- 
like way, they had arrived at a compromise which had resulted 
in a good all-round ship. They might have attempted to reach 
this end by means of writing letters or minutes, but would never 
have succeeded. Since then our ships have been designed on 
sensible lines, and fairly represented naval opinion. Lord Charles 
concluded by referring to what he styled light ended ships. He 
said they would go down bottom up, and he did not believe in 
them. So strongly did he feel on this matter that he went out 
of his way to write to the Fleet Admiral, eighteen months before 
the Victoria disaster, pointing out the weakness of ships of this 
class. He had gone beyond his province in doing this, but he 
felt so strongly on the matter that he felt constrained to do so. 
What he had predicted eighteen months before, actually occurred 
when the Victoria was rammed by the Camperdown. He always 
distrusted light ended ships. 


Colonel Soliani, in replying for his part of the discussion, said 
that he was well aware when he wrote his contribution that he 
was carrying coals to Newcastle, but he was supported by Sir 
William White, and was gratified by the manner in which his 
paper had been received. He quite agreed with Lord Charles 
that there should be as few doors as possible in bulkheads, and 
had views with regard to carrying out an arrangement by which 
this would be effected in the engine department. When the 
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engines are placed aft and the boilers forward of them, the engi- 
neer had to go all along to communicate. If, however, the 
engines were placed in the middle of the machinery space, with 
boilers fore and aft of them, short voice pipes or scuttles in 
the bulkhead would enable communication to be carried on. 
He would suggest, however, that a special officer should be 
placed in charge of water tight doors; he should be answer- 
able for their efficiency, and see they were closed. In the ships 
of the Italian Navy there was a young naval architect who went 
to sea for instruction, and it was his duty to look after the water 
tight doors; this naval architect was thus brought in contact 
with naval officers when young, and he learnt their ways and the 
requirements of the ship. 
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NOTES ON STEAM SUPERHEATING. 


By Mr. H. PAtcHELt, oF Lonpon. 


[Paper read before the Institution of Mechanical Engineers, January, 1896. ] 


Nature of Steam Superheating.—Superheated steam is steam of 
any pressure at a temperature higher than the temperature of its 
evaporation from water at that pressure. Saturated steam may 
be superheated by imparting additional heat to it at a constant 
pressure, during which process its volume increases. By per- 
mitting saturated steam of a given pressure to expand without 
doing work, superheated steam at a lower pressure may be formed. 
Steam cannot be superheated in the presence of the water from 
which it was evaporated, owing to the fact that the water takes 
up the heat and evaporates into further saturated steam. The 
corollary follows that water cannot exist in the presence of super- 
heated steam ; either the surplus heat in the steam will evaporate 
the water ; or, if their be too little surplus heat to evaporate all 
the water, the steam will immediately become saturated by evap- 
orating as much of the water as it can. 

Messrs. Fairbairn and Tate, Hirn and Siemens, all found that 
saturated steam was not a true gas, and that its expansion on the 
application of further heat was at first much greater than that of 
a perfect gas. When a temperature of about 20 degrees Fahren- 
heit above that of the saturated steam was reached, the volume 
increased at about the same rate as that of a perfect gas. No 
data appear to be yet available as to the expansion of steam with 
high degrees of superheat ; but there is little doubt that it would 
be that of a perfect gas. A marked feature in the use of super- 
heated steam is the rapid fall in the superheat from radiation, &c. 
The reason of this more rapid fall in temperature, as compared 
with saturated steam, seems to be that the latter owes its heat 
retaining properties to the water spray carried in it. It is only 
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after this water spray has been evaporated that the steam becomes 
a true gas. 

Aim of Superheating.—The greatest advantage to be gained 
by the use of superheated steam is in engine cylinders, and is 
due to the immediate absorption of the film of water on the 
metal surfaces by the surplus heat, thereby counteracting cylin- 
der condensation, which is the heaviest loss in the expansive 
working of steam. In this connection, superheated steam would 
appear to have an advantage over steam jackets, inasmuch as the 
heat is applied exactly where it is wanted, and during the period 
that it is wanted, that is, up to the point of cut-off; whereas a 
steam jacket wastes a considerable part of its heat and time in 
warming up the exhaust. 

Early Attempts at Superheating —That economy attends the use 
of superheated steam in engine cylinders has been known at least 
since 1828, when Richard Trevithick reported on the engines 
at Binner Downs Mine in Cornwall.* The engineer of the mine, 
Capt. Gregor, wishing to rival the record of a neighboring mine 
where the cylinders had been cleaded in sawdust, built in his 
cylinders and steam pipes with brickwork, making a fire grate 
underneath them and flues around. The results were unex- 
pected, and the duty of the engine was raised from 41 to 63 million 
foot-pounds per bushel (84 pounds) of coal. Trevithick tested 
the 70-inch cylinder engine, which, when five bushels of coal were 
burned in twenty-four hours under the cylinder, took 67 bushels 
under the boiler; when no coal was burned under the cylinder, 
108 bushels of coal were used under the boiler for the same work, 
showing a saving of one-third of the coal by superheating. The 
steam pressure was 45 pounds per square inch, and the strokes, 
eight per minute’ With the cylinder fires on, 13 gallons of injec- 
tion condensing water were used per stroke, and heated from 70 
degrees to 104 degrees; without the cylinder fires, 15} gallons of 
condensing water were used per stroke, and heated from 70 degrees 
to 112degrees. Trevithick followed this up by inventing in 1832 
a tubular boiler, combined with a superheater between the boiler 
and the engine cylinder; he also jacketed the cylinder with the 


* Life of Richard Trevithick, vol. 2, pages 315 and 323-4. 
24 
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waste gases from the furnace. The arrangement consisted of 
an external series of vertical pipes, connected top and bottom to 
a hollow ring, which constituted the boiler; the superheating 
pipes inside it are formed like inverted siphons, so as to avoid 
jointing at the lower end next the fire. Trevithick had been com- 
bating cylinder condensation for thirty years before this date, 
having in 1802, in conjunction with Vivfan, constructed a non- 
condensing engine, the cylinder of which was placed inside’the 
boiler—a plan followed for many years with much success in 
agricultural portable engines by Messrs. Hornsby of Grantham. 

Owing doubtless to the difficulty in controlling the tempera- 
ture imparted to the steam, superheating made but little head- 
way till 1850, when it came to the front again. Many plans were 
then proposed for superheaters and steam driers in various forms, 
both attached to boiler flues and separately fired. Asbestos pack- 
ing and brass bushes with plumbago plugs were then introduced 
to meet the demand for steam tight glands under superheated 
steam. 

More Recent Efforts.—Some results then obtained were reported 
to this institution by Mr. John Penn in 1859, followed by Mr. 
John N. Ryder in 1860. Mr. Penn described the apparatus em- 
ployed by him in the Valetta steamer of the Peninsular and 
Oriental Company, with engines of 260 nominal horse power, 
where the saving in fuel due to superheating was 20 per cent. 
The superheater consisted of two horizontal faggots, each of 
forty-four 2-inch tubes, placed in the smoke box. The tubes 
were fixed into three wrought-iron boxes, welded up at the 
corners and closed with a flanged joint. The steam from the 
boiler passed into the center box, thence through the tubes into 
the end boxes on its way to the engines, taking up heat from the 
escaping gases which would have been otherwise wasted: The 
proportions of the apparatus are given by Mr. Penn as 2} square 
feet of superheating surface per nominal horse power ; the boilers 
had a heating surface of 19 square feet per nominal horse power. 
The steam pressure was 20 pounds per square inch, and the 
amount of superheat about 100 degrees Fahrenheit. 

Mr. John N. Ryder dealt with Messrs. Parson & Pilgrim's 
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apparatus as fitted on marine boilers, and also Mr. David Pat- 
ridge’s superheater. The Parson & Pilgrim apparatus consisted 
of two horse shoe pipes fixed over the fire grate in the internal 
flue ofthe boiler. Tests on the steamers Osprey and Swift showed 
a saving over saturated steam of 30 to 40 per cent. in fuel; and 
on H. M. steam tug Aust/er,a mean of thirty-seven trials with a 
pressure of 8} pounds and a temperature of 380 degrees in the 
cylinders, which is 144 degrees of superheat, gave 25 per cent. 
economy. 

Mr. Patridge’s apparatus was a cylinder filled with tubes, 
placed vertically in the uptake. The gases passed through the 
tubes, and the steam around them; the working temperature 
was from 360 degrees to 390 degrees. H.M. Steamship Dee was 
fitted and tested for several months by the Admiralty, when an 
economy of fuel of from 20 to 25 per cent. was obtained. An 
aggregate of about 5,000 horse power was stated to be then 
working with this apparatus. 

Following closely on Mr. Ryder’s paper was one read by the 
Hon. John Wethered, of the United States, at the Institution of 
Civil Engineers, in 1866? wherein he animadverted on the futility 
of the common kinds of superheater, and strongly advised mixed 
or combined steam, which he claimed. to have introduced from 
America four years previously. 

Reasons for Former Abandonment.—lf superheating was so 
common and of such manifest importance and efficiency in the 
saving of fuel some forty years ago, the question arises, why was 
it given up, and what factors that led to its abandonment have 
been eliminated in modern practice? 

Trouble was formerly experienced at the valve faces and in the 
cylinders from the decomposition and destruction, at the high 
temperatures of superheated steam, of the tallow and the low class 
lubricants thenin vogue. This trouble was twofold: the cutting 
and excessive wear in the absence of lubrication, and the pitting 
caused by the fatty acids in the lubricant. On this score, how- 
ever, no trouble need now be anticipated at any degree of super- 
heat likely to be attained where good hydrocarbon oils are used. 
Gas engines run in regular working with a cylinder temperature 
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in the neighborhood of 2,000 degrees Fahrenheit, lubricated with 
good oil, and with ordinary care and attention instances of cut- 
ting are not frequent. The common use of metallic packings 
for glands and of piston valves in place of flat valves, has removed 
another serious obstacle. In this connection it will be well to 
note that pistons and valves, which show little leakage when used 
with saturated steam, may show considerable leakage with dry 
steam, probably owing to the film of water on the metal improv- 
ing the fit when saturated steam is used. 

Much of the trouble that has been attributed to the effects of 
superheat, in respect of cut cylinders and valve faces, has, in the 
author’s opinion, been due in reality to the effect of alternate 
superheat and water in the steam, owing to want of proper con- 
trol of the superheaters. A superheater may give a high degree 
of superheat when the fires are in good order, and at another 
time may even act as acondenser. The effect of this alternation 
demands much closer attention than it has at present received. 
A somewhat parallel case is the behavior of a good hydrocarbon 
cylinder oil, which in one engine with normal dry steam leaves 
no deposit; whereas in a sister engine, af the same steam pressure, 
with wet steam, a heavy deposit is formed from the same oil. 

An instance of a cut cylinder which had to be rebored has 
lately come under the author’s notice, where it appears from the 
evidence that the trouble is not to be attributed either to the de- 
gree of superheat in itself, or to the lubricant, or to neglect on the 
part of the engineer in charge, but to the alternate effects of 
superheated and wet steam in the cylinder. 

The majority of the old troubles were met with in the engines, 
but the superheaters themselves do not appear to have been 
always above reproach. When endeavoring to trace failures to 
faults in pipes or joints, the author has sometimes found super- 
heaters which were fixed with a by-pass for the steam, but none 
for the gases. The boilers were then worked occasionally with 
the steam shut off the superheater, and it is not surprising that 
the latter deteriorated rapidly, its position being eminently un- 
suitable for a combination of boxes, pipes and expanded tube 
joints. 
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Reintroduction of Superheating Apparatus.—Concurrently with 
the increased efficiencies gained in late years in both boilers and 
engines, competition has also increased, and with it has arisen the 
continual cry for cheaper power, cheaper transport, cheaper means 
of production. The result is that engineers cannot afford to 
dismiss without careful examination the claims of any plan, the 
adoption of which may diminish their consumption of fuel. It 
is this fact which has again brought superheating to the front, 
and has made it the subject of close inquiry in many quarters. 
Several kinds of superheaters are now in more or less extensive 
use, but only one of them is a radical departure from those of 
forty years ago. Any change in the others is rather in manu- 
facture than in design, and their parentage can be traced by their 
strong family likeness. 


TABLE I.—BOILER TESTS WITH AND WITHOUT GEHRE’S SUPERHEATER. 


With. Without. 
Total coal used during trial, pounds 
water used during trial, pounds 
Temperature of feed water, degrees Fahrenheit 
Superheat in steam, degrees Fahrenheit 
Temperature of furnace gases before superheater, degrees 

Fahrenheit 
Temperature of furnace gases after superheater, degrees 

Water evaporated per pound of coal, pounds,..............0se0000 
Water evaporated per square foot of heating surface per hour, 

Pressure of steam per square inch above atmosphere, pounds,, 110-114 I10-114 
More steam used, per cent 
Less coal used, per cent 

work on engine, per cent 


Gehre’s Superheater.—This is in extensive use on the Conti- 
nent and has been introduced into this country by Messrs. B. 
Donkin & Co., of Bermondsey. It consists of two drums filled 
with tubes, the steam entering the end of one drum, thence 
through a connecting pipe at the opposite end to the other drum 
and from the opposite end of this drum to the engine. These 
drums may be either fitted in the boiler flue or separately fired. 
Some of these superheaters have been fixed in England, but 
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unfortunately they have not been tested. Mr. Bryan Donkin 
kindly gave the author a copy of a test made in Germany of 
eight hours’ duration on a water tube boiler with and without 
the superheater, Table I. The heating surface of the boiler was 
861 square feet and of the superheater, 646 square feet. The 
superheater was placed directly behind the boiler in a special 
flue. 

Hick, Hargreaves & Co.'s Superheater.—By the courtesy of the 
makers, the author has been favored with the following particu- 
lars and tests, Table II, of their superheating apparatus in a mill 
at Bolton. The apparatus consists of a nest of J tubes, bent to 
a large radius at the bottom, which are placed at the back of a 
Lancashire boiler where the hottest gases from the flues impinge 
upon them. The tubes are suspended from a tube plate, form- 
ing the bottom of a box, in which they are fixed by being ex- 
panded in the usual manner. The box is divided down the 
middle by a vertical diaphragm, so that the saturated steam en- 
tering at one side passes down and up through the tubes, and 
leaves superheated at the other side. A by-pass valve is arranged 
to regulate the flow of steam through the superheater, because 
only a portion of the steam from the boiler is intended to be 
superheated. Main valves are also provided, so that the super- 
heater can be disconnected for examination, or even taken out 
entirely, without interrupting the working of the boiler. The 
Lancashire boiler to which the superheater is applied is ,8} feet 
in diameter and 30 feet long, with two flues of 3} feet diameter, 
having nine circulating tubes in each. The grate surface is 39 
square feet; the heating surface in the boiler is 1,195 square feet, 
and in the superheater, 120 square feet. The area of passage 
through the superheating pipes is 22 square inches. The boiler 
pressure is 100 pounds per square inch above atmosphere. In 
the tests, a portion only of the steam was superheated. The steam 
pipes to and from the superheater are 3} inches in diameter, and 
are provided with valves, which were kept full open. The main 
stop valve on the boiler is 8 inches in diameter, and was kept 
only ;s inch open. The steam was taken to the superheater from 
underneath this valve, and the return pipe from the superheater 
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was conducted direct to the main range of steam pipe supplying 
the engine. The temperature of the gases was not taken. The 
engine is a horizontal tandem compound, fitted with Corliss valve 
gear; cylinders, 18; inches and 36;', inches in diameter by 4 
feet stroke. Each of the tests was 7} hours’ duration. 


TABLE If.—BOILER TESTS WITH AND WITHOUT HICK, HARGREAVES & 
CO.’S SUPERHEATER. 


| 3 =2 | 2 
| 5 £2) By 
| & os | 33 
Bee we se 
| a a | Pd 
52 2 | 5 a $ 
8 = 3 “s | 
a Zz = = | a 
1895. LH.P.| lbs. | lbs. | bbs. los. | lbs. | Deg. F. 
Feb. 19, 20 ..000. 0002+. 2 without......... 303-55 | 5,379-3 837.6 6.42 37.7 | 2.95 
Mar. 290.50 | 4,706.3 667.2 7.06 16.2 2.29 42 
298.06 4,778.5 676.5 7,06 16.0 2.28 42 
— <r 311.20 | 5,141.1 734-7 7-00 15.5 | 2-35 55 
© By Bicdnne 2 without ......... 311-80 | 5,492.1 914.0 6.00 17.6 | 2.92 
without........ 307-67 | 5,435 7. 875.8 6.21 17.6 | 2.84 


999548 4,848.6 688.7 7.09 159 | 2.30 45.2 


Economy in water per indicated horse power per hour, 9.6 per cent. with superheating. 

Economy in coal per indicated horse power per hour, 19 per cent. with superheating. 

The much easier working of the boiler for the same indicated 
horse power at the engine is to be noted. During the tests of 
March 20, 21, and March 26, 27, the load was practically identi- 
cal. In the former tests with superheating, the rate of coal con- 
sumption was 18.8 pounds per square foot of grate per hour, 
whereas in the latter tests without superheating, the combustion 
went up to 23.4 pounds of coal per square foot of grate per hour. 
Where there is a low and uncertain chimney draft, this slower 
combustion alone would tend to much steadier and more eco- 
nomical steaming, and would more than counterbalance any 
obstruction in the flues caused by the superheating pipes, which 
appears to be more imaginary than real. 

McPhail and Simpson's Superheater—This apparatus is the 
invention of Mr. Hugh McPhail, and is manufactured in Wake- 
field by McPhail and Simpson’s Dry Steam Patents Company. 
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It consists of two parts: the superheater proper and the steam 
generator of radiating tubes, which distinguishes it from all other 
plans. As applied to a Lancashire boiler, there are two nests of 
vertical steel tubes, expanded at top and bottom into cast-steel 
boxes, or “headers,” as they are called in water tube boilers. 
These nests are placed preferably at the back-end of the internal 
flues of the Lancashire boiler, in the downtake, where the furnace 
gases impinge on them and pass between them. One of the top 
boxes is connected to the usual anti-priming pipe in the boiler, 
and the corresponding bottom box is connected to a block, which 
passes into the bottom of the boiler, and from which a copper pipe 
runs along the bottom of the boiler under the internal flues to 
the front end and thence back again to the rear, where it passes 
out of the boiler and into the other bottom box. The second top 
box is connected to another copper pipe, which runs along the 
boiler over the internal flues, just below thé water line, and ends 
at the main steam stop valve. The course of the steam is from 
the anti-priming pipe to the first top box, then down through the 
superheating tubes to the first bottom box, whence it enters the 
boiler, and passing through the lower copper pipe, gives up part 
of its superheat to the surrounding water before leaving the boiler 
and entering the second bottom box. It is then further super- 
heated in passing up through the second nest of tubes; and 
thence passing through the second top box into the upper copper 
pipe in the boiler, it again parts with some of its superheat before 
finally leaving the boiler at the steam stop valve. 

The complete apparatus thus consists of two external super- 
heaters and two internal radiators, and the final degree of 
superheat depends upon the proportion of the superheating tubes 
to the radiating pipes. The function of these radiating pipes is 
most important, as they give off to the water in the boiler the 
superheat which might be dangerous in the engines at times of 
heavy firing ; and, when the fires are green after cleaning, and the 
flue gases low in temperature, they prevent any possibility of the 
superheater becoming a condenser. They thus tend to keep 
regular the amount of superheat in the steam as it leaves the 
boiler. It will be evident, therefore, that this superheater may 
be arranged either for improving the evaporative efficiency of a 
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boiler, and at the same time giving dry steam at the engine, or 
for the steam to leave the boiler highly superheated. 

In its complete form this superheater has been tested and fully 
reported upon by several engineers in this country, among whom 
may be mentioned Messrs. Crosland and Michael Longridge. 
In Tables III to V are given the results of some recent tests, one 
made by M. Armengaud at the works of Messrs. Isaac Holden & 
Son, Reims, and others at Kinleith and Thornliebank, for which 
the author is indebted to the manufacturers. 

The Reims tests, Table III, were made before and after the 
apparatus was fixed on a Lancashire boiler 8} feet in diameter 
and 28 feet long, with furnace tubes 3 feet 3? inches in diameter. 
The heating surface was 2,287} square feet, and the grate area, 
39 square feet. The steam was used exclusively for a simple 
Corliss condensing engine with cylinder 28 inches in diameter 
and 44 feet stroke, running at 60 revolutions per minute, driving 
the machinery in a wool-combing mill. The work was arranged 
so that it should be as nearly as possible equal on the occasion of 
each test. Owing to an oversight during the test made before 
the superheater was fixed, the feed was left on while the boiler 
fires were being cleaned, the usual custom being to raise the 
water level before cleaning and then stopthe pump. The result 
was a fall in the steam pressure from 78 pounds to 42} pounds 
per square inch; and the boiler was so fully loaded that it took 
two hours to recover the normal pressure. The speed of the 
engine fell to 58 revolutions per minute, although the trips on 
the Corliss gear ceased to act and full steam was being taken for 
nearly an hour; 59 revolutions per minute were made for a fur- 
ther half hour before the usual speed was re-established. During 
the second test, the same procedure was intentionally repeated, 
in order that both tests might be exactly compared. The result 
was that the steam pressure fell only 33 pounds and the speed was 
not affected at all. This difference is most striking, and is a for- 
cible proof of the great increase in the capacity of a boiler when 
fitted with the superheating apparatus. The superheat was meas- 
ured at the boiler stop valve, and was almost constant at 50 
degrees Fahrenheit. 
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TABLE I[I.—BOILER TEST WITHOUT AND WITH McPHAIL AND SIMPSON’S 
SUPERHEATER AT MESSRS. ISAAC HOLDEN & SON’S WORKS, REIMS. 


Lancashire boiler, 28 feet long and 8} feet in diameter, with two internal flues, 3 
feet 3} inches diameter; heating surface, 1,012 square feet; grate area, 39 square 
feet; supplying steam to a Corliss engine. Quality of fuel, Dourges. 


Without or With Superheater. Without. With. 


June 20. June 28. 
3. Average boiler pressure per square inch above atmos- 

4. Temperature corresponding with pressure, degrees F.. 318.7 331.6 — 
5. Temperature of steam leaving boiler, degrees F.........0 0 ...... 381.1 
6. Degrees of superheat, degrees 56.5 
7. Average temperature of feed water, degrees F........... 117.5 119 
8. Water evaporated, total during test, p unds.............. 49.899 47,096 
g. Water evaporated per hour, pounds................0eseeees 6,373 5,887 


Water evaporated per hour per square fout of grate, 


. Coal burnt per hour per square foot of grate. pounds... 


15. Ash and clinker, total pounds.......... haneiatanassvetiensagke 937 613 
16. Ash and clinker, percentage of coal, per cent ........... 12.75 11.3 
17. Combustible burnt, total pounds..............0.cseseeeeeeee 6,427.7 4,822.3 
18. Water evaporated per pound of coal, pounds............ 6 78 8 66 
19. Water evaporated per pound of combustible, pounds... 7.76 9.96 
20. Average indicated horse power, I.H.P..................... 328 3 328.5 
21. Coal per indicated horse power per hour, ponnds....... 2.86 2.10 
22. Water per indicated horse power per hour, pounds,.... 19 41 18.19 
23. Gain in coal per indicated horse power, per cent,....... 0 ...... 36.2 
24. Gain in water per indicated horse power, per cent...... —...... 6.8 
25. Gain in water evaporated per pound of coal, per cent.. —...... 27-7 


Equivalent Evaporation from and at 212 Degrees Fahrenheit. Superheat Neglected. 


26. Water per pound of coal, pounds ...............:sceeeeeeeee 7 69 9.81 

27. Water per pound of coal, gain per cent, pounds.......... 0 ...... 27.5 

28. Water per pound of combustible, gain per cent., pounds, 8.80 11.05 
. Water per pound of combustible, gain per cent., pounds, ...... 


Superheat Included. 


. Water per pound of combustible, pounds.................. 
. Water per pound of combustible, gain per cent., pounds __....., 


11. Water evaporated per hour per square foot of heating : 

12. Coal burnt, total during test, pounds....................... 7-364.7 5435-3 

17.42 

30. Water per pound of coal, pounds...............sscesscesees 7.69 10.07 

31. Water per pound of coal, gain per cent., pounds........ 0 ...... 30.9 
33 28.97 
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At Messrs. Henry Bruce & Sons, Kinleith Mills, Currie, Mid- 
lothian, five Lancashire boilers are fitted with McPhail’s appa- 
ratus. Their principal dimensions are 28 feet long by 7} feet in 
' diameter; heating surface, 920 square feet; grate area, 36 square 
feet ; working pressure, about 99 pounds absolute per square inch. 
In Table IV is shown a test of the complete range of boilers, six 
without the superheaters against the five fitted with them. 

At the works of the Thornliebank Company, Glasgow, a Lan- 
cashire boiler is fitted with McPhail’s apparatus. Its dimensions 
are 28 feet long and 8 feet in diameter; heating surface, 955 
square feet; grate area, 39 square feet. One of their other 
boilers was tested against that fitted with the superheater, as 
shown in Table V. The superheat of the steam, leaving the stop 
valve of the boiler fitted with the superheater, averaged 56.2 de- 
grees Fahrenheit. Since these tests, a second boiler has been 
fitted with the same apparatus, producing steam at 80 pounds 
per square inch above atmosphere and at 558 degrees Fahren- 
heit, being a superheat of 234 degrees Fahrenheit. 

This type of superheater was adopted by the author in 1893 
at the Maiden Lane station of the Charing Cross and Strand 
Electricity Supply Corporation, but had to be considerably modi- 
fied to suit the Babcock and Wilcox water tube boiler, as it was 
found possible to put only one set of superheating tubes in the 
limited space between the top of the water tubes and the under- 
side of the drum, and only one set of radiating pipes in the drum, 
so that the arrangement represents only one-half of the complete 
apparatus as applied to a Lancashire or double-flued boiler. The 
saturated steam is taken from the anti-priming pipe to the upper 
box of the superheater, whence it passes down through the 
superheating tubes to the lower box, thence up into the radiating 
pipes in the drum, and through these to the steam stop valve. 
The principal dimensions of the Babcock and Wilcox boiler are: 
9 * 9 = 81 tubes, 18 feet long and 4 inches in diameter ; total 
heating surface, about 1,827 square feet; drum, 234 feet long 
and 4 feet in diameter; width of fire grate, 5 feet 6 inches; total 
grate surface, 34.4 square feet. The principal dimensions of the 
superheater are: 75 superheating tubes of 1 inch diameter, heat- 
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ing surface, 355 square feet; 12 radiating pipes of 2 inches 
diameter, heating surface, 174 square feet; area through super- 
heating tubes, 58.9 square inches; through radiating pipes, 
37-7 square inches, and through steam stop valve, 28.27 square 
inches. 

Complete tests of one boiler were made by Professor Kennedy 
before and after the superheating apparatus was fixed, and the 
principal results are given in Table VI. The dynamos are Edison- 
Hopkinson continuous-current, shunt-wound, driven by Willans 
“engines. 

TABLE VI.—BOILER TESTS WITHOUT AND WITH McPHAIL AND SIMPSON’S 


SUPERHEATER. 
Without. With. 


. Date of trial, 1893 June 20. October 17. 
. Duration of trial, hours and minutes 8.31 
. Indicated horse power of engines working at full load, 

135 135 + 80 
750a X 105v 
450a X 105v 
- Coal burnt, total pounds 4,528 


. Full output of dynamos, amperes  volts............ 750a X 105v 


. Coal burnt per hour, pounds 532 
. Water pumped into boiler, total pounds 43.655 
. Water pumped into boiler per hour, pounds.............. 3-457 5,125 
. Mean electrical horse power, E.H.P...........20:cececeeeee 82.15 129.2 
. Total kilowatt hours (units) 824.2 
- Mean kilowatts 97.0 


140 3 

. Mean temperature of steam on leaving boiler, degrees 

Fahrenheit 377-1 
. Mean temperature of saturation at boiler pressure, de- 

grees Fahrenheit 361.0 
. Mean temperature of steam in engine room steam 

pipes, degrees Fahrenheit 365.1 
. Mean temperature of saturation at probable pressure in 

engine room steam pipes, degrees Fahrenheit.......... 358.3 
. Mean temperature of feed water, degrees Fahrenheit... , 79.76 
. Calorific value of 1 pound of coal, Th. U 14,790 
. Equivalent evaporation per pound of coal, pounds ; 15 31 
. Carbon value of coal per pound, pounds , 1.020 
. Actual water evaporated per pound of coal, pounds.,.... i 9.65 
. Evaporation per pound of coal from and at 212 de- 

grees, pounds 11.47 
. Evaporation per pound of carbon value, pounds . 11.22 


I 
2 
3 
4 
; 5 
‘ 
7 
8 
9 
I 
II 
: 12. Boiler pressure above atmosphere, per square inch, 
13 
14 
15 
16 
18 
19 
20 
21 
22 
23 


NOTES ON STEAM SUPERHEATING. 


Without. 
. Coal burnt per hour per square foot of grate, pounds... 11.3 
. Coal burnt per hour per electrical horse power, pounds,, 4-74 
. Water per hour per electrical horse power, pounds,,... 42.1 


. Efficiency of boiler, 100 line 22+ line I9, percent.. 68.4 
. Temperature of gases leaving boiler, degrees Fahren- 


The great increase in the capacity of the boiler will be noted 
in line 8; the steaming was much easier and steadier, and, at the 
same time, the efficiency of the boiler improved from 68.4 per 
cent. to 74.9 per cent. (line 29), and this with cold feed. Prac- 
tically the whole of the superheat was lost in the range of steam 
pipes between the boiler and engine. The slight difference in 
water used per kilowatt hour may be accounted for by the engine 
not being in such good order in the second test as in the first. 
It had been thoroughly overhauled immediately before the June 
trial, and had been in daily use from that date until the October 
trial, so that both valve and piston rings would be somewhat 
slacker in October than in June. The same cause would affect 
the coal consumption, which nevertheless shows a saving of 13.5 
per cent. 

The increased capacity and ease in working of the boiler have 
been as marked in its subsequent use with the superheating 
apparatus; in regular work it is evaporating about 50 per cent. 
more than heretofore. At first the author had some misgivings 
as to incrustation forming in the superheating tubes from the 
priming water, but from examining them closely on several 
occasions after a run of 4,000 hours and more, and. finding them 
perfectly clean, he is satisfied on this point. The top box, by its 
increase in area over the steam pipe, gives a period of compara- 
tive rest in the flow of the steam, and acts as an efficient sepa- 
rator for the water or scum carried over. A steam trap fitted to 
the box discharges any such accumulation regularly, thus pre- 
venting its being carried into the superheating tubes. The bot- 
tom box is also fitted with a trap to intercept any leakage from 
the steam stop valve when the boiler is shut in. 
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25 4.12 
26 39-7 
27. Coal per kilowatt hour, 6.35 5.5 
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The first apparatus proved so satisfactory that a second was 
applied to the companion boiler in 1894, when the effect of the 
superheated steam in the pipes began to be marked by a decrease 
in the discharge from the drains and in the leakage from joints. 
There are altogether seven boilers, of which five or six are in 
general use on a common steam main. The figures in table VII 
show this effect clearly. 


TABLE VIE.—STEAM TESTS WITHOUT AND WITH McPHAIL AND SIMPSON’S 
SUPERHEATERS. 


Without and with superheaters. | Without. With 


Boiler pressure, absolute, pounds per square 


166 | 168 157 162 162 
Corresponding temperature of saturated 

366.5 | 3670 3620 364.5 364.5 
Temperature in main steam pipe in engine | 

| 359 | 361 371 375 373 
Fall or rise in temperature of steam, degrees | 

|—7.5|—60 +90 +105 +85 


Induced Draft—The duty of the boilers having been in- 
creased to the above extent and the priming difficulty being 
quite overcome, the only limit to the evaporation was the chim- 
ney draft. As the two boilers were fitted with an independent 
flue and chimney,they lent themselves readily to an experi- 
ment in this direction. Having considered several schemes of 
forced and induced draft as an auxiliary, the author finally 
decided on putting a fan in the flue at the back of the boilers. 
As there was no space available for any form of economiser 
between the.boilers and the fan, no attempt could be made to 
diminish the loss from heat in the waste gases. The gain sought 
for was in the direction of increasing the capacity of the existing 
boilers, so as to render steaming independent of the natural 
effects of foggy or heavy weather, and by working the boilers at 
a higher rate to diminish the proportion of radiation losses, 
which are practically constant to all loads. 

The fan selected is a 72-inch single inlet, made by Messrs. G. 
E. Belliss & Co., and driven direct by one of their tandem com- 
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pound self-lubricating engines, having cylinders 3} inches and 
6 inches in diameter and 4} inches stroke, working at 150 
pounds boiler pressure, and running at 300 revolutions per 
minute. The engine and fan were put in somewhat large for the 
estimated work, in order to secure’ slow speed and quiet running, 
with the result that within a few feet of the fan it is impossible 
to tell by the sound whether it is running or not; this is a 
marked improvement on many fan engines. A draft in the 
flue at the fan inlet equal to a 2-inch water gauge has been 
easily maintained. The usual method of working is to work the 
boilers on natural draft at times of light load; and then, as 
the load increases, to start the fan, close the by-pass in the flue, 
and work steadily at 1 inch water gauge. With this draft 
the superheater tubes are .continually bathed in incandescent 
gases, but not the slightest trouble has been experienced with 
them. In order to test the thorough reliability of the tubes, and 
in view of the fact that trouble was most likely to arise, if at all, 
when getting up steam, one of the boilers was shut in, and the 
steam let down day after day for some weeks and then raised 
again with the induced draft, and there was an entire absence 
of any signs of irregularity or trouble. 

When the boiler is steaming freely,an iron bar inserted 
through the brickwork to a point near the ends of the tubes 
soon becomes red hot; and the temperature as taken by a plati- 
num coil pyrometer at this point is about 900° Fahrenheit. At 
this temperature it appears to be of little importance whether the 
cooling agent is water or steam, so long as the circulation is 
kept up. This circumstance is most interesting in view of Mr. 
Durston’s Devonport experiments, reported in his presidential 
address to the Institute of Marine Engineers,* as to the permis- 
sible limit of temperature in a tube or tube plate, which he places 
at about 750° Fahrenheit; and in view also of the grave doubts” 
that are frequently expressed as to the safety of steel tubes 
exposed to furnace temperatures, without a perfect circulation of 
water on the other side of the metal. What temperature the 
tubes actually reach the author is unable to state, but the steam 


* See page 780, Vol. VII, of the JouRNAL. 
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coming out of them is over 600° Fahrenheit. The tube plates 
would be lower in temperature than the outer ends of the tubes, 
because the gases are drawn downwards and away from the 
plates by the draft. No trace of leakage at any one of the tube 
ends has yet appeared. 
A further test of the boiler with the induced draft was made 
on January 2, 1896. It was not possible to shut off part of the 
steam ring main and to use the steam on certain steam dynamos 
only, measuring the electrical output from them, as had been 
done in the two former tests; an evaporative test only was, there- 
fore, arranged for. The stop valve temperature was measured 
about 5 feet from the stop valve at the boiler on a branch pipe 
about 10 feet long, connecting the boiler with the main ring. A 
mercury thermometer in a mercury cup let into the steam pipe 
was used in this position. Being anxious to get the temperature 
of the steam between the superheater and the radiating pipes in 
the drum, the author had tried mercury thermometers, which 
failed. The difficulties due to the high pressure and tempera- 
ture were successfully overcome, however, by Mr. F. W. Burstall, 
to whose ingenuity and kindness in co-operation the author is 
indebted in this matter. With a temperature of 1058° around 
the superheating tubes, steam entering at 362° left them at 650°, 
and after passing through the radiating pipes in the drum, left 
the boiler at 403° Fahrenheit. The principal results are given 
in Table VIII, the boiler being fired with Welsh steam coal. It 
will be noted that the application of the superheater, together 
with a stronger draft, has increased the capacity of the boiler by 
140 per cent., or raised the evaporation from 3,457 pounds per 
hour (Table VI) to 8,293 pounds without increasing the space 
occupied, which is a most important gain, and a saving both in 
capital and in rent. In comparing the temperature here given of 
* the gases leaving the boiler with those given in Table VI, it 
should be noted that in Table VIII the temperatures were taken 
between the back tubes and the wall in which is situated the 
damper communicating with the flue. In Table VI, the tempera- 
tures were taken in the flue, where the gases are cooled by the 


* 
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influx of cold air through the damper slots and by any leakage 
through the other boiler, which was shut off at the time. 


TABLE VWIII.—TEST OF BABCOCK AND WILCOX BOILER FITTED WITH 
McPHAIL AND SIMPSON’S SUPERHEATER. 


January 2, 1896. 
8 hours. 
8,050 


Boiler pressure above atmosphere, per square inch, pounds .................... 
Temperature corresponding to pressure, degrees Fahrenheit.................... 


Water evaporated per pound of coal from and at 212° Fahrenheit, pounds.. 
combustible from and at 212° Fahrenheit, 
pounds 
Coal burnt per square foot of grate per hour, pounds 
Water evaporated per square foot of heating surface per hour, pounds 
Temperature of gases leaving boiler, degrees Fahrenheit 
Mean chimney draft, inches of water 


Schwoerer’s Superheater.—This superheater is the invention of 
Mr. Emile Schwoerer, of Colmar, Alsace, who was for some time 
private secretary to the late Mr. G. A. Hirn. It was Mr. Hirn 
who first took up superheating seriously, and it is due to his 
energy that so much has been done with it in practical working 
in Alsace. Mr. Schwoerer’s improvements were in the direction 
of reducing the space occupied by the apparatus, and he attained 
this end by employing a coil of pipes with gills on them both 
inside and outside, thus getting large surfaces in a small bulk. 
Regulation of the superheat by deflecting the hot gases away+ 
from the tubes, rather than by varying the proportion of the total 
steam passing through the tubes, is due to Mr. Schwoerer, 
though this regulation does not appear to have been generally 
carried out. By the courtesy of Prof. W. Cawthorne Unwin, the 
author is enabled to give the tests in Table IX of Schwoerer 


| 4 
| 
148.3 = 
365 
Mean temperature of steam at stop valve, degrees Fahrenheit.................. 396.9 fh 
Degrees of superheat, degrees 31.6 
Mean temperature of feed water, degrees 48 
Actual water evaporated per pound of coal, pounds..................seeeseeeeees 8.24 ; 
10.16 = 
10.80 
29.3 
4-37 
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superheaters in Alsace, some of which were carried out by him- 
self, and others by Mr. Walther Meunier, Engineer-in-chief of the 
Alsatian Association of Steam Users. It will be noted that in 
tests 1, 3, 5,9, one more boiler was required to do the work 
when saturated steam was being used at the engine. The boilers 
were of the elephant kind, with Green’s economisers. 

An application of the Schwoerer superheater has been made 
by Messrs. James Simpson & Co. to a Babcock and Wilcox water 
tube boiler at the Grand Junction Water Works, Kew. The 
boiler is of the same size as those fitted by the author with Mc- 
Phail’s apparatus at Maiden Lane. Full details of the trials. un- 
fortunately cannot be obtained, but the saving effected is satis- 
factory. Tests were conducted by Mr. Osbert Chadwick before 
and after the superheater was fixed, with the following. results— 
Table X : 


TABLE X.—BOILER TESTS WITHOUT AND WITH SCHWOERER’S SUPER- 
HEATER. 


Dec. 20, | Feb. 22, | Mar. 13, 
1893 1894 | 1894 
Degrees of superheat, degrees Fahrenheit, 57-7 G5. 1 SF 
Steam per pump horse power, per hour,) 


19.71 1875 | 19.48 
Saving effected, per cent os 6.05 10.63 | 675 


A test was also conducted by Mr. Goodman, the superintend- 
ing engineer at the pumping station, under ordinary working 
conditions, from December 8, 1894, to January 5, 1895, the 
engine and boiler being kept continually at work. The fuel used 
was 86.98 per cent. anthracite peds, and 13.02 per cent. breeze, 
the draft being assisted by a Meldrum blower. The results 
thus obtained were : 


Duration of trial, hours 

Feed water per hour, pounds 

Steam per pump horse-power per hour, pounds ..............csccecseceeeeeeeeeeees 
Fuel per pump horse-power per hour, pounds............csseseeseceeceeeeeeereeees 
Mean superheat, degrees Fahrenheit 
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These results showed a saving of about 15 per cent. on what 
had been obtained before the Schwoerer superheater was fixed. 

This type of superheater is also made by Messrs. Fraser and 
Chalmers, Erith, who have one in constant use at their works. 

Sinclair's Superheater—Another form of superheater is due to 
Mr. George Sinclair, of Leith. There is here a departure from 
the usual method of securing the tubes, which in this apparatus 
are flanged and bolted to the cross inlet and outlet pipes, instead 
of being expanded into them. In such positions, an expanded 
joint is generally considered desirable; but here the joints are 
removed from the action of the hot gases, and a bolted joint gives 
much greater facilities for removing a tube in order to examine 
or clean it. In conjunction with a marine dry back boiler, as 
fitted by Professor Kennedy at the Edinburgh Electric Lighting 
Station, the arrangement is very compact, and should prove 
highly economical. The hot gases from the smoke box at the 
front are led to the back over the top of the boiler, passing 
among the superheating tubes, thence down the sides of the 
boiler to the center fluc underneath it. The apparatus was de- 
scribed in Mr. Burstall’s paper, read at the last meeting (October, 
1895), and in the discussion, Professor Kennedy stated that fur- 
ther tests were then in hand; the author would be very glad if 
the present should be considered a convenient opportunity for 
publishing the results of them. 

It is much to be regretted that so little has been done as yet 
with superheated steam at the engine. In nearly every instance 
the superheat appears to be gone, if not at the steam chest, at any 
rate immediately on admission to the cylinder. But even under 
these circumstances, the advantage of superheating is manifest 
from many of the tests given above; and it must be recognized 
that, although the steam may be cooled down again to the tem- 
perature corresponding to the pressure, it is still dry steam, 
and is a better working gas than the saturated solution of water 
dust supplied by an ordinary boiler. The desirable amount of 
superheat has been generally considered to be the equivalent of 
the heat lost by initial condensation ; but this does not obtain 
in practice. The amount of heat lost in initial condensation is 
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generally from 20 to 25 per cent. of the total heat of the steam 
above boiling point. Tests with superheated steam showa saving 
of 20 per cent. with only 5 per cent. extra heat in the steam. 
This point has been brought out clearly by Mr. W. H. Booth in 
his paper on cylinder condensation, read to the Manchester As- 
sociation of Engineers a few months ago, wherein it was shown 
that the amount of superheat is but little in excess of that neces- 
sary to supply the heat required for making good the latent heat 
which disappears as work during expansion. 

When preparing to respond to the request that he would con- 
tribute a paper giving his own experience with superheating, the 
author found that, although a great deal had been done, but little 
information on this subject was to be met with in the Institution 
Proceedings. He has therefore endeavored, to the best of his 
ability, during a particularly busy winter, to fill up the blank by 
collecting and recording all the data that he is himself possessed 
of. It is not imagined that the superheaters here described make 
up a complete list; and it is hoped that any which have not been 
included in the paper will be dealt with to better advantage by 
speakers in the discussion. The theory and advantages of super- 
heating at the engine have not been touched upon, not only 
for want of space, but also in the hope that some member of the 
Institution who has given the subject much attention may be 
tempted to contribute a comprehensive paper thereon. In con- 
clusion the author desires to thank the several gentlemen and 
firms who have kindly given him information and plans. 
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YALU BATTLE AND WARSHIP CONSTRUCTION. 


THE BATTLE OF THE YALU AND ITS EFFECT 
ON THE CONSTRUCTION OF WARSHIPS. 


By Mr. L. FERRAND, GéNIE MARITIME OF THE FRENCH Navy. 


[Abstract of a paper read before the Association Technique Maritime, 1896. ] 


All of the Chinese vessels had one fault in common; they were 
not sufficiently subdivided above the protective deck, which 
exposed them to capsizing, if any of them were struck near the 
water line. It is thus, according to all probability, that the C/w- 
Yiien sank. The great speeds, attained by several of these ves- 
sels on their trials, could no longer be reached on account of 
the bad condition of the propelling machinery. The armament 
was good enough, but very badly maintained. Finally the per- 
sonnel, officers and men, wanted experience and training. 

The Japanese, on the contrary, had built for themselves, with 
small resources, dockyards, and a navy commensurate with the 
power of their futureenemy. They had armored vessels of small 
displacement, good speed, and an armament which was over- 
whelming compared to that of the enemy. Their fleet was man- 
ned by relatively well-trained men; the matériel, and particularly 
the machinery, was not in good condition, but fair speeds could 
still be obtained. 

On the Hashidaté, a Fox furnace in one of the boilers had col- 
lapsed ; during the whole war only five boilers could be used, 
the sixth and damaged one being used as a fresh water tank. 
The boilers of the /tsukushima were being retubed when war 
broke out. All the tubes on hand were too small; these had, 
therefore, to be put in with a ring on each end. By reducing 
the boiler pressure to 140 pounds per square inch, the ship was 
made serviceable and able to steam 13 knots, 16.54 being. her 
trial speed. The /wso had old boilers and could not steam much 
over 8 knots. 
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The heavy guns do not seem to have been, during peace, the 
objects of care or sufficient practice. 

It will be useful to call attention to the necessity of devoting 
such resources to the maintenance of a fleet that, when war breaks 
out, a majority of the ships may not have lost the qualities of 
speed which were given to them at great cost. A Navy, desirous 
of not squandering millions, must so organize its navy yards 
that repairs, renewing of boilers, &c., can be done, even in time 
of peace, with the least possible delay. In this matter, the proverb 
“time is money” is particularly applicable. 

The battle of the Yalu was above all a combat of guns in which 
the Japanese had an enormous advantage; 250 pieces against 185, 
and very much better arrangements of ammunition supply. 

Neither side possessed shells containing high explosives, like 
melinite, roburite, &c. 

It cannot be concluded, from the victory of the Japanese, that 
cruisers are superior to armored vessels. If the Chinese fleet had 
been composed of armored vessels like the Chen- Yiien and Chin- 
Yiien, if it had possessed as many guns and been manned as well 
as the Japanese, it would certainly have been victorious. 

It is equally erroneous to say that the Japanese owed the vic- 
tory to the superior speed of their vessels, for they did not make 
use of it; the Japanese fleet manceuvred at seven knots. The 
flying squadron, composed of cruisers that made over 19 knots 
on trial, did not exceed a speed of 12 knots. The Chinese fleet 
manceuvred at from 5 to 6 knots. 

From the point of view of tactical formations, the battle of the 
Yalu has proven, above all, the superiority of order over disor- 
der; of manceuvres in concert over haphazard, individual action 
at 7 knots. 

An examination of the nature of the damage done during the 
battle presents useful subjects for reflection. 

First, from the beginning of the fight, the Chinese vessels were 
on fire, their superstructures demolished, and their smoke pipes 
riddled; on the Japanese vessels, the same condition existed, | 
although in a less degree. On the Zaz Viien, the protective deck 
and certain compartments became nearly red hot on account of 


| 
— 
| 
| 
| 


372 YALU BATTLE AND WARSHIP CONSTRUCTION. 


the fire, and the machinery compartments had to be abandoned. 
The explosive shells of the Japanese started fire wherever there 
was wood. The demolition of the superstructures was not as 
complete as was at first reported ; the Japanese fired too high. 
On both sides the armored parts remained standing, but on the 
Chinese vessels everything on deck and in the cabins was 
destroyed. 

Generally, shells exploding in the coal in bunkers or in the 
cellulose of the cofferdams did little damage. The protective 
decks effectively shielded the machinery ; but, on account of the 
long range at which the battle was fought, and the low position 
of the guns, the shot could hardly reach these decks. 

The projectiles did much damage among the men ; every shell 
bursting in the vicinity of a group of men killed every one. This 
shows the absolute necessity of exposing the least possible num- 
ber of men to the enemy’s fire. This same fact condemns, with- 
out appeal, batteries containing several guns; the guns should 
be separated, unless they are on an open deck. 

From the beginning of the battle, the Chinese had lost their 
signals, and the Japanese could not transmit orders on account of 
the noise. The ingenious contrivances which are constantly be- 
ing increased on board ship are, therefore, of little use during an 
engagement. 

Finally, the part played by torpedoes was absolutely nil. 

The firing on both sides lacked precision. The Japanese did 
not know how to utilize their excellent matériel ; the rapid fire 
guns of the /tsukushima fired, on an average, one shot every three 
minutes, and the Canet guns, one shot per hour. Consequently, 
the number of killed was very small, and the damage to the ves- 
sels hit not very great. The latter is shown by the fact that the 
Ching- Yiien and Ting- Viien were repaired in 8 days, and the Chen- 
Yiien in 20 days. The Japanese vessels generally were repaired 
in 48 hours by the force on board. The Matsushima, Hiyei and 
Akagi, however, had to return to Japan, and were under repairs 
one month. 

From the foregoing facts, the result may be drawn that if 
the Japanese ships had been manned by Europeans, the disaster 
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to the Chinese would have been sudden and complete; and it 
seems certain that, in future fights, the rapid fire artillery will 
promptly destroy the superstructures and set on fire everything 
combustible, while the heavy guns will demolish the vital parts 
not protected by armor. 

If these results follow, it is evident that cruisers can no longer 
be expected to support battleships in action; their role will be 
radically different. They will serve as scouts, and as such, 
their chief requisites will be good sea-going qualities, speed and 
endurance ; the- protection will be reduced to a protective deck 
and complete subdivision; and the armament will consist of a 
few, light, rapid fire guns. 

As regards the battle ship, the utility of which is open to dis- 
cussion, if it is to be preserved, it must, first of all, have sufficient 
stability and buoyancy and satisfactory sea-going qualities ; then 
a thick armor belt for the whole length ; the principal machinery 
must be protected by an armored deck, the openings in which must 
be so arranged that pieces of projectiles can not enter. As these 
protective decks will not be sufficient over the engines and boilers, 
additional armor protection must be given in the central part 
of the vessel. A cellular belt at the level of the water line 
will complete the protection. The armament, very powerful, 
should consist of heavy guns in closed turrets, firing rapidly, 
seconded by guns of medium caliber, in turrets or armored re- 
doubts, each gun separated from the adjoining ones; in addition, 
rapid fire guns of small caliber, intended solely for the purpose of 
beginning the fight and damaging the non-vital parts of the op- 
posing vessels. 

If it is ever accepted as an axiom that the fighting fleet is not 
intended for cruising, the superstructures of battle ships will be 
suppressed and the crews quartered on shore; but it is hard work’ 
to oppose a practice, adopted by all Navies, which is conducive 
to perfecting the accommodations of ships at the expense of their 
fighting powers. All these structures on deck will have primarily 
the effect of changing a simple shell into shrapnel, and to render 
the guns powerless by the debris which willcoverthem. It seems, 
therefore, that we should begin now to profit by the experiences 
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acquired, and to reduce as much as possible the volume and the 
weight of the superstructure. 

As the destruction of the lighter armament on the superstruc- 
tures may be counted on, it is important to provide, behind the 
armor, several light guns for defence against torpedo boats. 
Finally, the torpedo being useful at the end of a battle to give 
the coup-de-grace, there ought to be underwater torpedo tubes, 
or one shielded by the protective deck. 

Under the conditions given above, the role to be played by the 
torpedo boat becomes of greater importance. Sheltered behind 
the larger vessels, it may, even in broad daylight, take advantage 
of the disorder of the battle and the destruction of the secondary 
battery to dé effective work ; in any case it will be able, at night, 
to change, perhaps, an uncertain victory into an irremediable 
defeat. 

The general conclusions to be drawn from the above are as 
follows : 

When a new weapon makes its appearance, it is necessary not 
only to arm ourselves with it, but also to arm ourselves against 
it. European powers have been no better advised than were the 
Chinese when, in adopting rapid fire guns, they continued to 
build superstructures on their ships as if they had only to send 
shots and never to receive them. 

The true battle ship of to-day can be a sort of monitor only, 
completely armored, low in the water, invulnerable against light 
artillery and powerfully armed; speed will be sacrificed to pro- 
tection and armament. The protected cruiser will be only a 
despatch boat and the armored cruiser,a privateer with high 
speed. The figting ship is the monitor. 
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THE NICLAUSSE BOILERS ON THE FR/ANT. 


The following curves of the power and coal consumption 
trials of the Friant and the explanations are published “by the 
builders df the boilers, Messrs. J. and A. Niclausse, Paris, France. 
With the exception of the full power trial on March 15, 1895, 
when all boilers (20) were used, the trials were made with only a 
part of the boilers. . 

The requirements of the full power trial were that at least 
8,877 I.H.P. should be developed with a rate of combustion xot 
exceeding 30.72 pounds of coal per square foot of grate surface. 
As will be seen from the diagram, 9,308 I.H.P. were developed, 
burning only 24.99 pounds of coal per square foot of grate sur- 
face. 

The requirements of the forced draft trial of April 13, 1895, 
were that with 12 out of the 20 boilers under steam the rate of 
combustion should xot be dess than 30.72 pounds per square foot 
of grate surface, and that no flame should be produced in the 
smoke pipes, nor their bases unduly heated. The diagram, point 
A, shows that 36.05 pounds of coal per square foot of grate sur- 
face were consumed in one of the two groups of boilers under 
steam, the mean I.H.P. for the four hours’ trial with both groups 
of boilers being 6,748. The rates of combustion in the two groups 
of boilers were different, that of one group being about 16.04 
I.H.P. per square foot of grate surface per hour, while the other 
was about 12.7, the mean for the two groups being 14.37 I.H.P. 
per square foot of grate surface per hour. These results were 
obtained without the injection of air over the grate bars. 

Had all of the boilers during this last trial been under steam, 
the I.H.P. would have exceeded 10,849. 


ay 
NOTES 
375 
= 
| 
| 
| 
; 
re 
— 
— 
—_ 


NOTES. 


CURVES OF TRIAL OF FRIANT.” 
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NAVY ESTIMATES—ENGLAN D—1896-1897. 


These Estimates were laid before the House of Commons on 
March 2, and explained by the First Lord of the Admiralty, as 
follows: The total amount involved is £21,823,000, or £3,122, 
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000 more than the original Estimates for 1895-1896. Before the 
close of the present financial year, a Supplementary Estimate of 
about £1,000,000 will be presented to the House. 

The number of officers, seamen, boys, Coastguard and Royal 
Marines voted for 1895-1896, was 88,850. It is proposed to in- 
crease the number by 4,900 for the year 1896-1897, making a 
total of 93,750. This increase will consist of 61 commissioned 
officers, 30 subordinate officers, 8 warrant officers, 1,800 men in 
the seaman class, 342 artisans, 2,028 engine room ratings, 131 
miscellaneous and 500 marines. An increase in the authorized 
numbers in each rank of executive officers below that of flag 
officer has been sanctioned, and certain changes in the rules of 
promotion and retirement have been introduced. A new scale 
of pay has been fixed for engineer officers, with a view to placing 
the higher ranks more on an equality with the senior officers of 
the other civil branches of the Navy, and in order to provide ade- 
quate remuneration for their increasingly arduous and resporsi- 
ble duties. The list of warrant officers will be further increased, 
accompanied by a revision of the rules governing their pay, pro- 
motion and training. 

Of the 100 officers transferred last year from the mercantile 
marine to a supplementary list of the Royal Navy, to meet the 
want of executive officers on the active list, 90 were taken from 
the Naval Reserve, 2 from the Victorian Naval Defense Force 
and 8 from the Mercantile Marine direct. 

The Britannia will be replaced by a college on shore for the 
training of naval cadets. 

Increases are proposed in the numbers of officers of various 
branches of the Naval Reserve. 

It is proposed to commence 5 battle ships, 4 first-class cruisers, 
3 second-class cruisers, 6 third-class cruisers and 28 torpedo-boat 
destroyers. Eight of the destroyers have already been ordered, 
as it was urgently necessary that they should be commenced 
without delay. Three of the battle ships, one first and one third- 
class cruiser, will be built in the dockyards, the remaining vessels 
to be built by contract. 
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The battle ships will be improved Renxowns and will have the 
following principal dimensions: Length, 390 feet ; beam, 74 feet ; 
mean load draught, 26 feet; displacement at this draught, 12,900 
tons. They will be 2,000 tons smallerthan the Majestic and draw 
about 2 feet less water. They will have the same normal coal 
capacity, 900 tons, and rather greater speed. They wiil be fitted 
with water tube boilers, “ and will consequently be able to steam 
further at a high speed than the Majestic class.” The main arm- 
ament will be the same as, and the protective arrangement simi- 
lar to that of the Majestic class, but the armor will be lighter. 
The engines are to develop 15,000 I.H.P., under forced draft, the 
speed being 18.75 knots. 

The first-class cruisers will be of the Diadem or Andromeda 
class, (described on page 813, of Vol. VII); the second-class 
cruisers will be of the Za/bot type, (described on page 427, of 
Vol. VII); and the third-class cruisers, of the Pe/orus type, (de- 
scribed on page 419, of Vol. VII.) 

The torpedo boat destroyers are to have a speed of 30 knots. 

The following vessels will be under construction in the course 
of the financial year 1896-'97: 13 first-class battleships, 1o first- 
class cruisers, 16 second-class cruisers, 7 third-class cruisers, and 
48 torpedo-boat destroyers. 

For shipbuilding, repairs, maintenance, &c., the estimates are 
44,355,000 for the dockyard and £5,386,000 for the contract 
work. 

Nore.—The number and pay of warrant officers has been in- 
creased, and other beneficial changes made, by an’ order which 
took effect on April 1. Contracts for the five third-class cruisers 
have been let, and four of the vessels named. (See under “ Ships,” 
England.) The three battleships to be built by the Government 
will be laid down at the Chatham, Devonport and Portsmouth 
dockyards. 

About the middle of April, arrangements were perfected for the 
proposed increase of 2,028 engine-room ratings. The engine- 
room artificers will be increased by 266 and the stokers by 1,762. 
To fill vacancies and to allow for casualties, the entries for these 
two grades will be 339 and 2,762, respectively —Epir. 
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TRIAL OF BELLEVILLE BOILERS ON H.M.S. SHARPSHOOTER. 


The following Parliamentary “ Return of Experimental Trials 
of H.M.S. Sharpshooter”’ has been published. 

“T have the honor to report that in compliance with Admir- 
alty letter (S. 14,436) of October 9, 1895, I carried out in Her 
Majesty’s ship under my command the trials mentioned in para- 
graph 2 of that letter on three occasions, viz. : 

“(a) At Portland on December 2 whilst at torpedo practice. 

“(6) Off the Nab on December 10 at target practice. 

“(c) At Spithead on December I1 at torpedo practice. 

“In all cases the ship was manceuvred as she might be in 
battle, the vessel cleared for action, and the men at their stations 
for general quarters. Full power for four boilers was used, 
giving a speed of 13} knots, 190 revolutions, and 1,450 indi- 
cated horse-power. 

“The following manceuvres were practised: Stopping fre- 
quently from full speed and starting again, without warning, 
after intervals of five minutes to 1} hours, getting away at full 
speed from banked fires. 

“All that was found necessary in the stokeholds was to close 
the draft plates of the furnaces, and open wide the tube box 
doors, and in the engine rooms to make a moderate use of the 
blow-off valves to the condensers when suddenly stopping. There 
was no priming, at the engines. Fires were banked on Decem- 
berg at 7 P.M., steam maintained all night at 150 to 200 pounds 
till 8 A. M. on the 1oth, when the ship was got under way and 
started immediately at full speed, and manceuvred, as already 
mentioned, for six hours. On this trial, as a precautionary 
measure, a petty officer was stationed at the separator to insure 
that its blowing-out apparatus did not fail, but the apparatus 
acted most satisfactorily, and the services of the petty officer 
were not once required. During the above trials the stokers 
employed were the men forming the first training class, who 
had been in the ship about a fortnight. 


“T have, &c., 
“(Signed) A. Dopecson, 


Lieutenant Commander.” 
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FRENCH NAVAL REGULATIONS FOR SIZES OF EVAPORATORS. 


The regulations published on page 793 of Vol. VII, were 
modified by a circular dated March 14, 1896, it having been 
found that there were no evaporators built on the triple system 
which were light enough or suitable for torpedo boats. Besides, 
it was noticed that there was little use in making potable water 
on these boats, which were at sea for a very short time only, and 
that the weight of evaporator or distiller to be carried for this 
purpose was out of all proportion to the requirements to be sat- 
isfied. It was further found to be illogical to base the size of 
the evaporators, and the amount of reserve water to be carried, on 
the power of the engines instead of on the capacity of the boiler 
and the economy of the apparatus. Besides, “it is a pity to 
reduce the scantlings of hull and the weights of parts of the ma- 
chinery to the smallest possible, and then to require a surfeit of 
means to make and to store fresh water.” 

The following changes were, therefore, authorized : 

1. There is, in general, no objection to using single effect 
evaporators. 

2. The evaporators of torpedo boats are not required to be 
large enough to supply potable water in addition to fresh water 
for “ make-up” feed. But it is to be required, in future, that the 
number of days’ supply of potable water in the tanks shall always 
be at least one-half greater than the number of days’ steaming 
endurance at a speed of to knots and with the nominal coal 
supply. To calculate this radius of action, the coal consumption 
obtained on the trials will be used and increased one-tenth. 

3. No modification is necessary in the figures or in the basis 
of calculation, adopted in the circular of October 8, 1895, for 
the supply of “make-up” feed water and for the quantity of 
reserve water. 

4. The new requirements are to be applied only to torpedo 
boats to be built hereafter, and not to those in commission or 
under construction, except’within the limits compatible with 
their displacement and sea going qualites. 


SHIPS. 


UNITED STATES. 


Iowa.—This sea-going battleship No. 1, was successfully 
launched on Saturday, March 28, by the Messrs. Wm. Cramp 
and Sons’ Ship and Engine Building Co., Philadelphia, Pa. A 
description of this vessel was given on page 811, Vol. IV, and 
the bids on page 202, Vol. V. 

Chicago.—This twin-screw, partially-protected cruiser, of 4,500 
tons displacement and 5,084 I.H.P., completed by Messrs. John 
Roach and Sons in 1885, is undergoing repairs at the New York 
Navy Yard. New machinery and boilers will be put in. The 
new engines will be of the horizontal, triple-expansion type, simi- 
lar to those in the Mewark, and are designed for 9,000 I.H.P. 
under forced draft. There will be centrifrugal circulating pumps 
and independent air pumps, made by Mr. M. T. Davidson, Brook- 
lyn, N. Y. 

There will be four single-ended cylindrical boilers, one. of 
which will be of nickel steel, and six Babcock & Wilcox water 
tube boilers. The closed fire room system of forced draft will 
be used. The cylindrical boilers will be employed for ordinary 
cruising, and all boilers for full power. 

A detailed description of the new machinery will be published 
when the engines and boilers have been installed. 


ARGENTINE REPUBLIC. 


Torpedo-boat Destroyers.—The following description of the 
four destroyers mentioned in the February number, and which 
are to be built by Messrs. Yarrow & Co., is from the London 
“ Engineer.” 

The length over all is to be.1g0 feet ;. beam, 19.5 feet. The 
hull will not “tumble home” above the water line, as in the 
Sokol. The bow will be considerably flared out, to throw off the 
seas, somewhat like the bow of the Desperate. The sides and 
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deck around the machinery spaces will be armored. There will 
be no water tight doors, although the subdivision by bulkheads 
will be very complete. The bunker capacity will be about 80 
tons. The captain’s cabin and officers’ mess room are to be next 
to the engine room bulkhead, instead of the usual arrangement 
of placing the cabin aft. 

The armament will consist of one 14-pounder rapid-firing gun 
on the conning tower forward ; three 6-pounder rapid firing guns 
on the deck aft; two Maxim automatic machine guns, one on 
each side above the conning tower ; one 18-inch torpedo tube in 
the bow, and two 18-inch swivel torpedo tubes on deck aft. 

There will be two inverted, triple-expansion engines, accurately 
balanced. They are to develop about 4,000 I.H.P. under forced 
draft. There will be six Yarrow boilers. There will be two hori- 
zontal blowers, with their engines on the fire room floor. 

With a load of 35 tons, the speed is to be 26 knots. 


AUSTRIA. 


Viper.—The official trial of this sea-going torpedo boat, built 
by Messrs. Yarrow & Co., was made on Friday, January 31, in 
the presence of representatives of the Austrian Government. 

The vessel is 147 feet 6 inches long by 14 feet 9 inches beam, 
and was guaranteed to attain a speed of 24 knots when fully equip- 
ped and loaded with 26 tons to represent armament. 

During the middle of the three hours’ trial, six runs were made 
on the measured mile, during which the mean speed attained was 
26.633 knots, the mean number of revolutions being 379.89. The 
mean speed for the three hours’ continuous run was 26.638 knots, 
2.638 knots in excess of the contract speed, the mean number of 
revolutions being 379.888 per minute. The average steam pres- 
sure was about 174 pounds per square inch; vacuum, 25 inches 
of mercury; I.H.P., 2,000; air pressure, seven-eighths inch of 
water. The vibration was practically zz/ at all speeds, the ma- 
chinery being balanced on the system first introduced by this 
firm. There is only one triple-expansion engine. 

After the run the usual manceuvring trials were carried out, all 
of which proved satisfactory. 
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There are two boilers of the Yarrow type, with straight tubes 
and no outside down pipes. The total grate surface is 70 square 
feet, and the heating surface, 3,736 square feet. The weight of 
the two boilers, including water and fittings, is 18 tons. The coal 
bunkers, on each side of the boiler compartment and one cross 
bunker forward of the boilers, have a capacity of about 30 tons. 

For the trip to Pola, Austria, the Viper carried a comple- 
ment of 23. On her arrival there, the boilers were in excellent 
condition. 

Natter.—A torpedo boat, similar to the Viper, is building by 
Messrs. F. Schichau & Co., Elbing, Germany. 


CHILI. 


Esmeralda.—This steel, sheathed cruiser, built by Messrs. 
Armstrong, Mitchell & Co., Newcastle-on-Tyne, was launched 
on Tuesday, April 14, 1896. 

Her length is 436 feet ; beam, 53 feet 2 inches; draught, mean, 
20.5 feet; displacement, 7,000 tons. There is an armor belt of 6 


inches of harveyized steel, 7 feet wide, extending about three- 
fourths the length of the vessel. At the ends of this belt there 
are transverse bulkheads 6 inchesthick. The protective deck is 
1.5 inches thick behind the belt armor, and 2 inches at the ends. 
The coal bunkers are above the protective deck. The total coal 
supply will be 1,200 tons at load draught. 

The armament will consist of two 8-inch, sixteen 6-inch, eight 
12-pounders, ten 6-pounders, four machine guns, and three tor- 
pedo tubes, one in the bow above water and one submerged on 
each broadside. 

With natural draft, a speed of from 22.25 to 22.5 knots is ex- 
pected. It will be remembered that the first Asmeralda, built by 
the same firm for Chili, was sold to Japan. 

Ministro Zenteno.—This cruiser was launched by Messrs. 
Armstrong, Mitchell & Co., at Elswick, on February 1. 

She is 330 feet 5 inches long, and has a beam of 43 feet 9 inches, 
draught, 16 feet 10 inches, and a displacement of 3,450 tons, 
The expected speed is 20 knots. 

The armament consists of eight 6-inch ten 6-pounder Hotch- 
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kiss, and four 1-pounder Hotchkiss rapid fire guns and 3 torpedo 
tubes. 

The protective deck is 34 inches thick on the sides and 1} 
inches on the flat top. 

Almirante Simpson.—This torpedo gunboat, built by Messrs. 
Laird Bros., Birkenhead, was launched on April 16, 1896. Her 
length is 240 feet; beam, 27.5 feet; depth, 16 feet; tonnage, 858 
tons, O. M. 

The deck and side plating are increased around the machinery 
compartments. 

The armament will consist of two 4.7-inch Armstrong rapid 
fire guns, four Maxim-Nordenfeldt 3-pounders and three 18-inch 
torpedo tubes, one in the bow and the others in broadside. 

The engines are twin-screw, triple-expansion, and designed 
for 4,500-5,000 I.H.P. There are four Normand water tube 
boilers with a working pressure of 200 pounds per square inch. 
The estimated speed is 21 knots. 

Capitan Orella and Capitan Muniz Gamero. — These 30- 
knot torpedo boat destroyers, built by Messrs. Laird Bros., 
Birkenhead, were launched on February 15 and March 3, respec- 
tively. The Capitan Orella was ordered in August, 1895. 


ENGLAND. 


Mars.—This first-class battleship, a sister of the Magnificent, 
fully described on page 161 of Vol. VII, was floated out of the 
dock of the builders, Messrs. Laird Bros., Birkenhead, on Tues- 
day, March 31. The principal data are here repeated. 

The length on water line is 390 feet; beam, 75 feet; mean 
draught, 27.5 feet; displacement at this draught, 14,900 tons. 
I.H.P. and speed, natural draft 10,000 and 16.5 knots; forced 
draft, 12,000 and 17.5 knots, Coal carried on draught of 27.5 
feet, g00 tons; bunker capacity, 1,800—1,900 tons. 

The twin-screw, vertical inverted, triple-expansion engines were 
built by Messrs. Laird Bros. The eight single-ended, return- 
tube, cylindrical boilers are placed in pairs in four compartments. 
There are eight blowers, 72 inches in diameter, for forcing the 
draft. Two additional blowers of the same size are used for 
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ventilating purposes. The two smoke pipes will be placed in 
the same athwartship line. 

When floated out of dock, the Mars carried all her citadel 
armor, most of the barbette armor, and four casemate fronts; 
the eight main boilers ready for steam, except the smoke pipes ; 
all of the auxiliary machinery in place, and pipes and connec- 
tions fitted; and fully two-thirds of the main engines erected on 
board. The order for the Mars was given on March 26, 1894, 
and the keel laid on June 2, 1894, practically twenty-two months 
to the date of launching. She will have a complement of 750 
men, 

Renown.—This first class battleship, described on page 427, 
Vol. VII, has completed her official trials, with the following 
results : 


Natural Draft. Forced Draft. 
March 27,1896.  Aprilb, 1896. 
8 


Speed, knots 
Air pressure, inches of water 

The result of the natural draft trial shows that the estimated 
I.H.P. and speed were both exceeded, the former by 708 and 
the speed by nine-tenths of a knot, or very nearly that estimated 
for the forced draft speed. The machinery worked satisfactorily. 

On the last hour of the full power trial, one of the cylinder 
covers of the starboard circulating engine was found to be broken, 
but this was not allowed to interrupt the trial. After the trial, 
the other cover of this cylinder was found to be broken. 

The propellers are of gun metal, 16.5 feet in diameter, and have 
a mean pitch of 21 feet. 

The boilers are 16.5 feet in diameter wud 10.25 feet long, each 
with four furnaces. The total grate surface of the eight boilers 
is 793 square feet and the heating surface, 24,840 square feet. 
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The complement of this vessel will be 674 men. 

The I.H.P. on the natural draft trial was distributed as follows: 
Starboard engine, H.P. cylinder, 1,729; I.P. cylinder, 1,721; L.P. 
cylinder, 1,783; total, 5,233; port engine, 1,804, 1,731, 1,940; 
total, 5,475. 

On the forced draft trial, the mean pressures were for the star- 
board engine, H.P. cylinder, 67 pounds per square inch, I.P. 
cylinder, 27.8 pounds, L.P. cylinder, 13.5 pounds; port engine, 
63.6, 28.7, and 13.4 pounds per square inch. 

The results of the trials give the most economical speed of this 
vessel as 15.3 knots, with 6,187 I.H.P., 87 revolutions per minute, 
and a coal consumption of about 1.88 pounds per I.H.P. per hour. 
The gun trials were satisfactorily concluded about the middle of 
April. The two 1o-inch guns in each barbette were fired simul- 
taneously at an elevation of 35 degrees directly ahead and astern. 
The ship has electric motors forthe elevating gear of the 10-inch 
guns and for the ammunition hoists. 

The thirty hours’ coal consumption trial was finished on April 
16. The vessel was loaded to a draught of 26 feet g inches, 
which will be her draught when in commission for sea service. 
The results are as follows: 

Steam pressure, 137 pounds per square inch; vacuum, star- 
board, 27.8, and port, 26.8 inches of mercury; revolutions per 
minute, starboard, 85, and port, 88.6; I.H.P., starboard, 3,143, 
port, 3,044; total I.H.P., 6,187; no air pressure; speed, 15.3 
knots ; coal per I.H.P. per hour, 1.88 pounds. 

The “ Naval and Military Record” says: “Itis stated that the 
machinery contractors are so pleased with the performances of 
the Renown on her recent trials, that they have decided to give 
a bonus to the naval engine room ratings who have worked the 
vessel through the trials.” 

Dido.—This protected second-class cruiser of the Apollo class 
was successfully floated on March 20, by the London and Glas- 
gow Engineering and Shipbuilding Co., Govan, Scotland, after 
having been caught up on the ways since March 17. On this 
day, the launching ceremony took place, and the vessel moved 
slowly along until she was about half way in the water, when the 
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ground near the end of the ways suddenly subsided and the vessel 
was thrown out of the cradle. She continued to move for some 
yards before she stopped. An unsuccessful effort was made to 
pull her off with tugs. On the following two days, the vessel 
was moved about 60 or 70 feet. A final effort on the third day 
proved successful. After being floated, examination by a diver 
showed no damage beyond aslight indentation of the sheathing. 
This was afterwards proved by examination in dock. 

The dimensions of the Dido are: Length between perpendicu- 
lars, 350 feet; breadth, extreme, 54 feet; mean load draught, 20 
feet 6 inches; and load displacement, 5,600 tons. The hull is 
built of Siemens-Martin steel, and is sheathed with 33 inches 
of teak and copper. The sternpost, propeller brackets, rudder 
frame, and stem are phosphor-bronze castings. The protective 
deck is from 3 to 1} inches thick. The cylinders are protected 
by an armored hatch coaming formed of 5-inch thick harveyized 
steel plates. The armored conning tower is of the same material, 
6 inches thick. The ammunition tubes are of fluid-pressed steel. 
Bilge keels of teak, covered by naval brass plates, are fitted for 
about 156 feet amidships. The armament of the vessel will con- 
sist of five 6-inch, six 4.7-inch, nine 12-pounder, and seven 3- 
pounder quick firing guns, and a number of smaller machine 
guns; one torpedo tube with 3-inch steel mantlet, discharging 
above water aft, and two submerged tubes on broadside forward, 
all fitted for 18-inch torpedoes. The steam steering gear is by 
Napier Brothers; the auxiliary hand steering gear is a new com- 
pensating gear specially designed at the Admiralty for the Dido 
and /sts. The two sets of triple-expansion engines, which are sup- 
plied by the builders, have cylinders 33, 49 and 74 inches in 
diameter, with a stroke of 39 inches. Each cylinder is fitted with 
a liner, and is steam jacketed. The high pressure cylinder is 
fitted with a piston valve; the intermediate and low pressure 
cylinders have double-ported slide valves, with relieving rings 
and balance cylinders. The main condensers are ofbrass. There 
are in each engine room two duplex fire and bilge pumps, one 
main feed pump, an auxiliary condenser with its pumps, and a 
dynamo driven by acompoundengine. There are two auxiliary 
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feed pumps in each fire room. There are two boiler rooms, each 
containing four single-ended boilers, each boiler having three 
corrugated furnaces. The working pressure will be 155 pounds. 
There are four blowers in each fire room. 

Doris.—This sheathed second-class cruiser was launched at 
Barrow on March 3. She isa sister ship to the /umo, launched 
on November 16, 1895, by the Naval Construction and Arma- 
ments Company, and described on page 169, of Vol. VII. The 
protective deck extends the whole length of the vessel, the 
engines, boilers and magazines being further protected by an 
inclined breastwork of harveyized armor. Bunker accommoda- 
tion is provided for 1,000 tons of coal, reserve coal being stowed 
in water tight bunkers above the protective deck and extending 
over the engine and boiler space. There is an armored conning 
tower forward and a director tower aft. There are two military 
masts. The complement will be 450 officers and men. 

Pelorus.—This third-class, twin-screw, protected cruiser, a 
brief description of which was given on pages 419 and 601, Vol. 
VII, was launched from the Sheerness dockyard on February 15. 
She is the first one of this type, the keel having been laid May 
21,1895. The length is 300 feet; beam, 36.5 feet; load displace- 
ment, 2,135 tons, on a draught of 12 feet forward and 15 feet aft. 

The hull of the vessel is constructed of steel, and her vital 
parts are protected by a turtle-back deck, throughout her length, 
of steel plating, 2 inches thick, the stern and rudder posts, shaft 
brackets, &c., being of cast steel. The rudder is of the balanced 
type, and is worked by steam steering gear. The vessel has a 
poop and forecastle, and between them the waist extends to 
about half her length, the officers’ quarters being aft under the 
poop and the crew being berthed forward. 

The armament will consist entirely of quick firing guns, of 
which there will be eight 4-inch, eight 3-pounder, and two .45- 
inch Maxim guns, two of the 4-inch guns being mounted on 
either side of the conning tower on the forecastle and two on 
the poop, the remaining guns being distributed on the upper 
deck and at the bow and stern. There will be two 14-inch 
torpedo tubes. 
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The propelling machinery, which is to be supplied and fitted 
by Messrs: J. and G. Thompson of Clydebank, will consist of 
two independent sets of inverted triple-expansion engines, with 
cylinders 20}, 33 and 54 inches in diameter, which are expected 
to develop 7,000 I.H.P. under forced draft with about 200 revo- 
_ lutions per minute, and give the vessel a speed of 20 knots. 

There will be eight Normand water tube boilers. 

The bunkers, consisting of 28 separate compartments, part 
above and part below the protective deck, will have a capacity 
of 550 tons. The steaming radius at 10 knots will be about 
7,000 nautical miles. There are two wooden masts, each in two 
lengths. There are two dynamos. The complement of officers 
and men will be 225. 

Perseus, Prometheus, Pegasus, Pyramus and ——.—These 
third-class cruisers of the Pelorus type, recently authorized, have 
been ordered. The first two are to be built by the Earle Ship- 
building Company, Hull, and the next two by the Palmer Ship- 
building Company, Jarrow-on-Tyne. The length will be 300 
feet; beam, 36.5 feet; mean load draught, 13.5 feet; displace- 
ment at this draught, 2,135 tons. The I.H.P. is expected to be 
5,000 with natural draft and 7,000 with forced draft, and the 
corresponding mean speeds, 18.5 and 20 knots for eight and four 
hours’ steaming, respectively. Water tube boilers will be in- 
stalled. 

The armament will include eight 4-inch and eight 3-pounder 
rapid firing guns and two torpedo tubes. 

The estimated cost of each vessel is $710,000 and the time of 
completion, fifteen months. 

Another cruiser of this class is to be built by Messrs. Arm- 
strong, Mitchell & Co., Newcastle, but no name has yet been 
made public. 

Barham and Bellona. —These cruisers are to be thoroughly 
overhauled, and their locomotive boilers replaced by Thornycroft 
water-tube boilers. The amount allowed for the refit of each 
vessel is $141,090, of which $52,500 is for the installation of the 
new boilers, and $75,000 for alterations and repairs to hull, fittings, 
and equipment. 
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The Barham was built at the Portsmouth dock yard in 1890, 
and cost $507,765. Since that time she has only been commis- 
sioned for one cruise, and $41,700 have been spent on repairs and 
alterations. 

The Bellona was built by Messrs. Hawthorne, Leslie & Co., 
Newcastle, in 1891,and cost $455,740. Since that time she has 
been in commission for three years and nine months, and $45,000 
have been spent on repairs and alterations. 

Phaeton.—This cruiser, built in 1886, and recently over- 
hauled, completed satisfactory steam trials off Plymouth in the 
latter end of March. The mean results for the four hours were: 
Steam pressure, 83 pounds per square inch; vacuum, starboard, 
26.3, and port, 27.6 inches; revolutions per minute, starboard, 
93.1, and port, 93.4; I.H.P., starboard, 2,318, and port, 2,437; 
speed, 17 knots. The trial was made under natural draft. This 
result, 4,755 I.H.P. and 17 knots, compared favorably with that 
obtained in 1886, when the I.H.P. was 5,000 and the speed 16.6 
knots. 

The vessel was overhauled, after seven years in foreign service, 
at a cost of $164,160, of which about $136,590 was expended on 
hull, fittings, and armament, and about $27,570 on the machinery. 

Spanker.—This torpedo gunboat, recently fitted with Du 
Temple water-tube boilers, at Devonport, had an eight hours’ 
trial under natural draft on February 13, and a four hours’ trial 
under forced draft on the following day, with the following 


results: 
Natural. Forced. 


Steam pressure, pounds per square inch..................seeeeeeesees 149 149 
Vacuum, inches of mercury, starboard..................secseceeeeeees 27.7 27 
Revolutions per minute, starboard.............csscccsssseceseeeeeeeee 252.1 277-7 


After examination of the machinery, further trials, similar to 
those made with the Sarpshooter, will be made. 
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Algerine.—This sloop completed her forced and natural draft 


trials on February 17, with the following results : 
Natural. Forced. 


Steam pressure, pounds per square inch.................ceccscsesceececes 150 150 
Vacuum, inches of mercury, starboard..............sssecceseecsesceeeeees 27.6 27.1 
27.5 27-4 
Revolutions per minute, starboard...............cssceccssssescssescssceees 186.7 209.2 
197.7 197 


Handy, Hart and Hunter.—The following description of the 
machinery of these destroyers is taken from “ Engineering,” 
London: 

These 27-knot torpedo boat destroyers, Handy, Hart and 
Hunter, all three of which have successfully passed through 
their speed trials, were built by the Fairfield Shipbuilding and 
Engineering Company, Glasgow, and are 194 feet long by I9 
feet 43 inches beam, and 12 feet 74 inches deep, their displace- 
ment in service trim being 245 tons. They are, like the other 
vessels of the class, armed with one 12-pounder and five 6- 
pounder guns. 

The machinery, which was designed by Mr. Andrew Laing, 
consists of two three-cylinder triple-expansion engines, with 
cylinders 18}, 274 and 42 inches in diameter, the stroke being 
18 inches. All have piston valves. The cylinders are of cast 
iron, and with each was cast also the valve casing. The cylinder 
and casing bottoms, which are separate from the cylinders, are 
also of cast iron. The cylinder covers, however, are of cast 
steel and of light design, while the casing tops are of rolled steel 
plate and dished to give the necessary stiffness. 

The pistons are of the conical or dished pattern, made of high 
tension forged steel by Sir Joseph Whitworth & Co., of Man- 
chester. The connecting and piston rods are made of forged 
mild steel and bored. The guide shoes, which are separate from 
the piston rods, are of gun metal lined with white metal, and 
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they can be readily adjusted. The guides, which are of cast 
iron, are attached, one at the top end to the cylinder bottom, 
the other to a crossbar midway down the columns, and it in turn 
is held in place by the cross stays. The valve gear is of the 
usual bar link and double eccentric type, the eccentric rods 
being made of mild steel with adjustable gun metal bushes at 
the top end. The straps are also of gun metal and lined with 
white metal. There is steam and hand reversing gear of the all- 
round description, the reversing engine having one cylinder, 3} 
inches in diameter and 23 inches stroke, and the reversing and 
drain gear being arranged at the forward end of each set of 
engines. 

The three-throw crankshaft is made of mild steel and in one 
piece; the body of the shaft and crank pins are 6 inches in 
diameter with a 3-inch hole. The crank, crank pin, cheeks and 
moving gear have been carefully balanced by means of weights 
suitably placed. The line shaft is 6 inches in diameter with a 
3}-inch hole; the propeller shaft is 6} inches in diameter, with 
a 3}-inch hole bored throughout. The thrust blocks are of the 
ring description, of cast iron, and lined with white metal at the 
bearings ; the block is also water jacketed. 

The cylinders are each supported on four wrought-steel col- 
umns, their bottom ends passing through the cast-steel bearers, 
being fastened thereto by nuts on the underside. The bearers 
are of H-section. The main bearing brasses are of gun metal, 
lined with white metal, and are held in position by wrought- 
steel caps, each having two steel studs. The cross bearers are 
bolted at each end to the fore-and-aft portions of the bed plates, 
which are made from rolled steel angle bars, these bars being 
planed on the face and bottom. The fore-and-aft portions of the 
bed plate or angle bars are continued forward to receive the air 
pump, and aft to carry the thrust blocks. By this means the 
engines are complete and self-contained, so that all strains are 
well distributed over the shipwork. 

Diagonal bracing of the cylinders is dispensed with, the cyl- 
inders for each set of engines being bolted together in a fore- 
and-aft direction, but diagonal stays are carried from the cylinders 
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to the fore-and-aft bulkheads. The cylinders of the two sets of 
engines are tied together athwartships and also to a fore-and-aft 
stiffener at the ship's sides. 

The engines are so placed in the engine room that there is a 
passage between, and also between the engine and its correspond- 
ing condenser, which is in the wings and on a low level. The 
condensers, with their tubes and ends, are of brass, the steam 
being led in on the top and diagonally to give free distribution. 
Circulating water to the condensers is supplied by the two cen- 
.trifugal pumps, having 8-inch discharges, and sufficient for mod- 
erate powers. The centrifugal engines and pump were supplied 
by Thwaites Brothers, Bradford. The air pump is single-acting, 
184 inches in diameter, and has a stroke of 4 inches. The head 
and foot valve and the bucket are fitted with metal annular group 
valves. The pump is driven by a separate crankshaft from the 
end of the main crank. 

The boilers, three in number, are arranged two in the after 
boiler compartment and one in the forward. They are of the 
Thornycroft Daring type modified. The generating tubes are 
arranged in nearly equal groups, instead of two large and. two 
small groups. Each boiler has 63 square feet of grate surface, and 
3,168 square feet of heating surface. The boilers are constructed 
for a working pressure of 210 pounds, and were tested to 300 
pounds per square inch. The steam drums are fitted with the 
usual Thornycroft steam drying arrangement and automatic feed 
control gear. During the trials, the boilers gave abundance of 
dry steam, with much less trouble than the ordinary drum boiler. 
The main feed donkey pumps, two in number, were supplied 
by Messrs. G. and J. Weir, of Glasgow, and are placed, along 
with the evaporating and distilling plant, air compressing engine, 
and bilge engine, at the forward end of the engine room, conven- 
ient to the starting gear. 

In the after boiler compartment, there are two 5.5-foot single 
inlet fans, for supplying air to the furnaces, and one auxiliary 
duplex feed donkey capable of feeding the two boilers; and in 
the forward stokehold, one 5.5-foot single inlet fan, and one aux- 
iliary duplex feed donkey. The fans were supplied by Messrs. 
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W. H. Allen & Co., of Bedford, and the duplex pumps by Messrs. 
Scott & Mountain, of Newcastle-on-Tyne. 

The steering engine, supplied by Messrs. Caldwell & Co., Glas- 
gow, is placed with its cylinders vertical, fixed to the after engine 
room bulkhead. 

There are two funnels; that forward is for the boiler in the 
forward compartment, as well as for one of the boilers in the after 
boiler space, and the after funnel is used for the remaining boiler, 
and also in connection with the ventilation of the engine room. 


Hart. } Handy. Hunter. 


Date of trial, 3 hours full power......, Dec. 31, 1895. | Apr. 17, 1896. 
6 
| 


Draught, mean, feet and inches....... 3 —3 
Steam in boiler, pounds per sq. inch... 196.1 189.8 195 
Vacuum, inches of mercury............ ive 24.5 

Air pressure, inches of water............ 23 CO 3-19 

Revolutions per minute.................. 196.1 \ 


4,143 4.451 4,245 
27.075 
Coal per 1.H.P. per 


On March 21, the Handy left Portsmouth to rejoin the Chan- 
nel Squadron. Some time later the tubes of one of the after 
boilers began to leak badly, owing to shortness of water caused 
by a wrong showing of the water gauge. The vessel was steam- 
ing at about 16 knots. She returned to Portsmouth, where an 
examination showed that the boiler was not seriously damaged. 
The leaky tubes have been replaced. 

Opossum.—This torpedo boat destroyer, built and engined 
by Messrs. Hawthorn, Leslie & Co., Newcastle-on-Tyne, com- 
pleted her official full-speed trials on February 3, with very sat- 
isfactory results. This vessel is a sister ship to the Sunjish, the 
trial of which was referred to on page 181 of the February num- 
ber. She is 200 feet long, and has a beam of Ig feet. The 
dimensions of the triple-expansion engines, and of the eight 
Yarrow water tube boilers, and the trial data are given under 
Ranger. The propellers are three-bladed, 7 feet in diameter, and 
have a pitch of 9 feet, the area of each being 13 square feet. 
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Ranger.—This destroyer, built by Messrs. Hawthorn, Leslie 
& Co., Newcastle, completed her official trials at Sheerness on 
April 1. She is a sister vessel of the Opossum and Sunfish. 

The mean results of the three hours’ run were as follows: 
Steam pressure, 194 pounds per square inch; vacuum, 24.5 
inches of mercury; revolutions per minute, 348.25; I.H.P., 4,055; 
speed, 27.172 knots; air pressure, 3.07 inches of water. The 
displacement at beginning of the trial was 278 tons, the draught 
being 5 feet forward and 8 feet 114 inches aft. 

The armament will consist of one 12-pounder and five 6- 
pounder rapid-firing guns. 

The engines are triple-expansion, with cylinders 18}, 28, and 
42 inches in diameter, and a stroke of 18 inches. 

The condensers have a total cooling surface of 3,000 square 
feet. 

The eight boilers are of the Yarrow type, each with a grate 
surface of 21 square feet and a heating suface of 1,063 square 
feet. 

The mean speed for the six runs on the measured mile was 
27.093, or less than the average for the three hours. 

For purposes of comparison, the trial results of the Sunfish 
and Opossum are added. ; 


Opossum. Ranger. 


Draught of water on trial, forward, feet and inches..... 5-0 
aft, feet and inches. 8-14 

Displacement, tons, about ion 279. 
Speed, mean of six runs, 
three hours, knots i 27.131 

Steam pressure, pounds per square inch 88. 192. 


Mean pressure in H.P. cylinders 
1.P. cylinders. 
L.P. cylinders 
Vacaum, 
Revolutions, per minute... 
1.H.P., H.P. cylinder 
I.P. cylinder. 
L.P. cylinder. 


1.H.P., total 
both 


gi 
Air pressure, in inches of water. 


Haughty.—Since the trial in December, and recorded on page 
180 of the February number, this torpedo destroyer has made 


| 
8-114 
278. 
27.093 
27,172 
| 194. 
Port. | Port. 
81.4 82.8 81.9 80.3 | 
35-4 35.9 33-9 34.3 | 
15.1 15.4 13.6 14.9 | 
25.3 24.1 26.6 26.5 | 
353-8 | 349-8 | 341.6 344-3 | 348.25 
FOS 704 650 657 | 
676 683 585 646 
2OBO 2094 1918 1977. i 
2.95 3.1 3-07 
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several trials. One trial was interrupted by fire breaking out in 
one of the bunkers, and another one by the breakdown of the 
blower engines. The blower, 4 feet 6 inches in diameter, col- 
lapsed suddenly, while making between 600 and 700 revolutions 
per minute. The broken pieces bent the adjoining steam pipes, 
but did not break them. The steam pressure was 200 pounds 
per square inch. 

On April 2, a satisfactory three hours’ trial under full power 
was made. The mean speed for the six runs on the measured 
mile was 27,949 knots. For the three hours the steam pressure 
was 188 pounds per square inch; I.H.P., 4,224; number of rev- 
olutions per minute, 363.4, and speed, 27.525 knots. 

Porcupine.—This destroyer, launched on September 19, 1895, 
by the Palmer Company, at Jarrow, had an unsuccessful trial on 
February 4. The trial was stopped on account of excessive 
priming, supposed to be due to a leaky condenser. For two 
hours the I.H.P. was 3,129, and the speed 25 knots. On Feb- 
ruary 19, the official trials were successfully made off the mouth 
of the Thames, with the following results : 

The mean speed on the three hours’ run was 27.915 knots, the 
revolutions being 361.4 per minute, the boiler pressure 197 
pounds per square inch, and the air pressure, 2.2 inches. The 
mean I.H.P. was 3,859. The speed on the six runs on the mile 
was 27.989 knots. 

The automatic feed regulating device, designed by Mr. J. W. 
Reed, the managing engineer to the contractors, who is also the 
designer of the boilers, is reported to have worked in a satisfac- 
tory manner during the trial, hand regulation being unnecessary. 
There was an absence of flame from the funnel, the average smoke 
being “light brown.” A complete method of automatic lubrica- 
tion has been fitted to the engines, no syringing or other hand 
oiling being used during the trial. After the speed trials, the 
usual starting, stopping and steering trials were gone through 
satisfactorily. 

This vessel is a sister to the Janus and Lightning, built by the 
same company, and is 200 feet long, the beam being Ig feet 9 
inches, and the load displacement, 280 tons. 
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The armament consists of one 12-pounder gun mounted on 
top of the conning tower, and five 6-pounders, one of these being 
mounted on an elevated platform aft. There are also two revolv- 
ing torpedo tubes. 

The officers’ quarters are abaft the engine room, and the crew’s 
quarters forward, where there is room for fifty men. 

The two triple-expansion engines are in one, and the four Reed 
water-tube boilers in two compartments. 

Desperate.—The first of the six 30-knot destroyers to be built 
by Messrs. J. I. Thornycroft & Co., Chiswick, was launched on 
February 15. A complete description of this class was given on 
page 182 of the February number of the JournaL. The condi- 
tions of the trial laid down by the Admiralty for this class of 
vessels are novel and somewhat exacting, says “ Engineering,” 
London, from which the following information is taken. 

The weight of coal, gear, &c., to be carried on trial, is 35 tons, 
5 tons more than the 27-knot destroyers. If the coal consump- 
tion at full speed exceeds 2.5 pounds per J.H.P. per hour, an ad- 
ditional weight of 2 tons for every one-tenth of a pound of coal 
that the consumption exceeds 2.5 pounds will have to be carried. 

The contract also provides that, if a given power is exceeded 
in obtaining the speed, additional weight shall be carried. This 
is accounted for by the necessity for carrying bigger crews with 
bigger powers, and this means additional accom modation, which 
in turn represents more weight. It is strange “that the coal 
economy should be taken at the full speed. It is not possible to 
construct machinery that shall be at its maximum economy over 
wide ranges of speed. If the engines are big enough for high 
power, they will be extravagant at lower powers; if they are small 
for the power, expansion must be curtailed. For the purposes 
of warfare it would seem desirable to design the engines of these 
craft so that when making long trips they should be economical, 
but when full power is required, fuel economy might be neglected.” 

Preliminary trials were made by the contractors, the fifth and 
sixth trials resulting as follows: 

Fifth trial, Friday, March 20. Vessel light, only 15 tons car- 
ried. Weather very rough. Mean speed of four runs over the 
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Maplin mile, 31.035 knots. Steam pressure, 205 pounds per 
square inch; vacuum, 25 inches; revolutions per minute, 396; 
I.H.P., 5,700. Coal consumption, above the standard of 2.5 pounds 
per I.H.P. 

Sixth trial, Tuesday, March 24. Vessel carried standard load 
of 35 tons. Weather quite favorable. Mean speed of one hour’s 
steaming, including six runs over the mile, 30.46 knots. Steam 
pressure, 210 pounds per square inch ; vacuum, 24 inches; rev- 
olutions per minute, 406; I.H.P., estimated from curve of pre- 
vious trials, 5,600. Engines and boilers worked satisfactorily. 
Coal consumption, above the standard. 

On Thursday, April 16, the official speed trial was made, the 
vessel carrying the required 35 tons. There was a rough sea 
and strong wind. Coal, for use on the runs to and from the 
trial grounds only, was weighed and put in bags. A sufficient 
quantity of coal was put in the bunkers for use during the three 
hours’ trial only. At the end of the trial, the bunkers were 
sealed and later the weight of coal remaining in them was ascer- 
tained. The mean results of the trial were as follows: Steam 
pressure, 209 pounds per square inch; vacuum, 24 inches; rev- 
olutions per minute, 398 ; I.H.P., 5,620; coal consumption, 2.491 
pounds per I.H.P. per hour; speed for the three hours, 30.112 
knots; air pressure, 3.5 inches of water. The coal was burned 
at the rate of about 80 pounds per square foot of grate surface 
per hour. Before this trial, Messrs. Thornycroft had fitted an 
arrangement by means of which air at 10 pounds to the square 
inch pressure is introduced at the front about 2 feet above the 
fire, there being g or 10 jets to each furnace. This was found 
on the official trial to give very good results, the quantity of 
smoke being much reduced, and the flame, which so often re- 
sults from the escape of unburnt gases, being entirely absent 
from the chimney tops. 

Fame.—A sister destroyer of the Desperate was’ successfully 
launched by Messrs. Thornycroft & Co., on Wednesday, April 
15,1896. The boilers and engines were on board, and the vessel 
was practically complete. 

Thirty-Knot Torpedo Boat Destoyers.—In addition to the 
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twelve destroyers, described on page 820, of Vol. VII, Messrs. 
Laird Bros. are to build the Earnest, Griffon, Locust, Panther 
Sealand Wolf; Messrs. Thornycroft & Co., the Angler and Ariel ; 
The Naval Construction and Armaments Company, the Avon and 
Bittern, and Palmer’s Shipbuilding Company, the Bat, Chamois, 
Crane, Flying Fish, Star and Whiting. 

Several others have been ordered by the Admiralty, but not yet 
named. 

Thirty-two-Knot Torpedo Boat Destroyers.—The Admi- 
ralty have contracted for two of these vessels, one to be built by 
Messrs. J. I. Thornycroft & Co., Chiswick, and the other by 
Messrs. J. and G. Thompson. They will be larger than the 
Desperate class,and have more power. There will be four boilers 
instead of three. 


FRANCE. 


Carnot.—The following description of this battleship, some 
particulars of which were given on page 618, Vol. VI, of the 
JouRNAL, is compiled from “ Le Yacht,” Paris: 

In this vessel the “splinter-deck” system, which in other 
battleships is applied only over the machinery spaces, has been 
extended throughout the whole length of the vessel. The space 
between the protective and the splinter deck below it averages, 
in the Carnot, about 2.3 feet. Two longitudinal wing bulkheads 
are fitted below the protective deck and give protection against 
the explosion of torpedoes. A central bulkhead runs through 
the machinery and central turret spaces. There is the usual 
subdivision of the main compartments. Beginning forward, the 
space below the protective deck is taken up by various compart- 
ments for store rooms, then a group of compartments for the 
magazines and turret turning gear for the three forward guns; 
then four boiler compartments, two abreast ; then two groups of 
compartments, one on each side, for magazines and turret turn- 
ing gear of the six central guns; then two boiler compartments ; 
then the two engine compartments; then a group of compart- 
ments for the magazines and turret turning machinery of the 
three after guns, and abaft these, the steering engine compartment. 
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The protective deck, 2.76 inches thick, has a considerable fore- 
and-aft curvature, being 3.94 feet above the water line in the 
middle of the vessel and running down to the water line at the 
ends. 

The lower or main armor belt extends 5.58 feet below the 
water line and 1.8 feet above it in the middle of the vessel. Its 
thickness at the top tapers from 17.72 inches in the middle of 
the vessel to 11.81 at the ends; at the bottom, it averages 6.35 
inches. This armor belt projects beyond the hull. The protec- 
tive deck rises from the top edge of this belt. On top of this 
belt is another one, 3.94 inches thick, the top edge of which is 
5.58 feet above the water line. Above this upper belt, the vessel 
“tumbles in” very appreciably for the purpose of permitting the 
guns in the six central turrets to fire ahead and astern. The 
beam of the vessel at the lower level of the superstructure is 
only about half that at the armor belt. The superstructure is 
enormous, and consists of three decks, giving the vessel the 
appearance of an old line-of-battle ship. The superstructure is 
said to be necessary for living quarters and storerooms, on 
account of the space occupied by the turrets and their armored 
trunks or supports, and the absence, practically, of storeroom 
space below the protective deck. There are, altogether, twelve 
turrets—three forward, three on each side in the middle of the 
length, and three aft. The lower deck of the superstructure 
extends the whole length of the vessel; the next one above, only 
as far aft as the after military mast; and the next above this 
extends the same distance aft, but stops some distance from 
the bow. 

The ram is very short and its point well below the water line. 
There are two heavy military masts, each with three tops. 
There are two rectangular smoke pipes. 

The conning tower for the captain—5.g1 inches thick—sur- 
rounds the forward mast; above it is a station for the admiral. 
A similar station is provided on the after mast. 

The twelve heaviest guns are in separate, closed turrets. Be- 
sides these, there are four 2.56-inch, sixteen 1.85-inch, six 1.46- 
inch rapid fire guns and four torpedo tubes, two of these being 
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forward on the protective deck, and one on each broadside, under 
water. 

The two 11.81-inch guns have an angle of fire of 135 degrees 
on each side of the center line, the forward gun being 27.88 feet, 
and the after one, 21.32 feet above the water line. The two 10.63- 
inch guns in the central turrets have an angle of fire of 180 
degrees, and are about twenty-one feet above the water line. 
Four of the 5.51-inch rapid fire guns, in the turrets forward and 
aft, have an angle of fire of about 150 degrees, and the remain- 
ing four, in the broadside turrets, 180 degrees. These last four 
and the two after ones are 14.76 feet above the water line. 

The turret armor of the 11.81-inch and 10.63-inch guns is 
14.6 inches, and of the 5.51-inch guns, 3.94 inches thick. 

There are six search lights, one in the upper top of each mast, 
two on the upper deck abaft the turret for the 11.81-inch gun 
and two on the middle deck forward of the central turrets. 

The d’Allest boilers of this vessel were described in detail on 
page 385, Vol. VII. 

Amiral Trehouart.—This battleship was described on page 
750 0f Vol. V, under the name of Zréhouart. Last year this name 
was changed to its present form. In the latter part of Febru- 
ary, she had her preliminary trials, making 15.8 knots over the 
measured mile, with an average of 110 revolutions per minute. 

Bouvines.—This battleship completed a four hours’ natural 
draft trial in the early part of March, the mean speed over the 
measured mile being 15.3 knots. All boilers were used. The 
results of the official trials were given on page 604 of Vol. VII. 

Jaureguiberry.—This battleship, described on page 616 of 
Vol. VI., had preliminary trials on April 2. The mean of four 
runs over the measured mile off the Hyéres islands gave a speed 
of 17.65 knots, the revolutions being 85 per minute, and the coal 
consumption satisfactory. In the latter part of April, another 
preliminary trial was made, the speed over the measured mile 
being 18.07 knots, the I.H.P., 15,583.5 and the revolutions, 100 
per minute. 

Foudre.—This vessel, built as a torpedo transport or depot 
ship, and launched on October 20, 1895, was described on page 


| 
i 
an 
— 
. 


404 SHIPS. 


824 of Vol. VII. The Superior Council of the Navy Depart- 
ment has reported unfavorably against the use of this vessel as 
a torpedo boat transport, as there are certain difficulties in launch- 
ing these boats during an action. Plans are under discussion 
for transforming this vessel into a cruiser, with an armament of 
5.51-inch rapid fire guns. 

Bugeaud.—This second-class cruiser, particulars of which 
were given on page 408 of Vol. VII, had a trial in free route on 
February 20, after changes in the ventilating system had been 
made. A speed of 18.9 knots was attained. Further slight 
changes in the ventilating system were found to be necessary. 
On February 28, another trial was attempted, but was inter- 
rupted by the heating of one of the eccentric straps. 

Two of the required coal consumption trials (see page 409, Vol. 
VII) were next made, the first one, on March 11, being an eight 
hours’ trial with only the eight after boilers. The I.H.P. devel- 
oped was 1,479, with a coal consumption of 1.54 pounds per 
I.H.P. per hour. This was well within the penalty rate of com- 
bustion. 

On April 4, the second trial at 3,452 ILH.P. was made. Only 
two groups of boilers were used. The revolutions were 102 per 
minute and the speed on the measured mile 15.2 knots. The 
coal consumption was 1.57 pounds per I.H.P. per hour, or 0.19 
pounds less than the maximum allowed. 

The above results of the Belleville boilers of this vessel may 
be compared with those of the Niclausse boilers of the sister ship 
Friant, published under “ Notes” in this number of the JouRNAL. 

About the middle of April, another full power trial was made, 
the I.H P. being about 8,900 and the speed, 19 knots. 

D’Assas.—This second-class cruiser, a sister ship of the 
Cassard and Du Chayla (the principal data of the latter were 
given on page 188 of the February number), was launched on 
March 28, by the Societé de la Loire, at St. Nazaire. 

The contract for this cruiser was signed in November, 1893, 
and she is to be finished in February, 1897. 

The coal capacity is 604 tons. 

The complement will be 22 officers and 371 men. 
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Galilee.—This third-class cruiser, of an enlarged Fordin type, 
was launched on April 28 at the Rochefort dock-yard. . 

The principal dimensions are: Length, 328.1 feet; beam, 35.11 
feet ; displacement, 2,244 tons. 

The armament will consist of rapid firing guns only, four 
5.45-inch guns being placed in broadsides and having 2.13-inch 
shields ; two 3.94-inch guns, one on the forecastle and one on 
the poop ; eight 1.85-inch and eight 1.46-inch guns distributed 
over the vessel. 

The twin-screw engines are of the vertical triple-expansion 
type. The I.H.P. and speed expected with natural draft are 
3,945 and 18 knots, and with forced draft, 6,510 and 20 knots. 

Cassini.—This torpedo cruiser, after several attempts at her 
full power trials (noted on page 191 of the February number), 
has completed her natural and forced draft trials. The former 
was made on February 25, the speed being over 19 knots. On 
the 29th, the full power trial took place, the speed being 21.174 
knots and the I.H.P., 5,517. Although the speed did not quite 
come up to the 21.5 knots expected, the vessel has been accepted. 

Surprise.—This steel, sheathed gunboat, built by Mr. Nor- 
mand, Havre, and described on page 205 of Vol. VI, has com- 
pleted her trials. 

On her preliminary trials in February, a speed of 13.6 knots 
was obtained with 984.2 I.H.P. After some changes made in 
the tubes of her boilers, the official trials were made, the full 
power trial on March 1g resulting as follows: Revolutions per 
minute, 148; I.H.P., 841; speed, 13 4 knots. On the natural 
draft trial, March 24, the I.H.P. was 6go, and the speed over 12 
knots. The contract requirements were slightly exceeded. 

The bunker capacity of this vessel is about 72 tons. She will 
carry a complement of 6 officers and 93 men. 

Casabianca.—This torpedo boat destroyer had her prelimi- 
nary trials off Rochefort about the middle of February, attain- 
ing 19.45 knots without forcing. 

Aquilon.—This sea going torpedo boat, described on page 191 
of the February number of the JourNAL, had progressive trials 
on January 27, during which the machinery was run up to 360 
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revolutions per minute, the corresponding speed being 25.8 knots. 
The official trials, held on January 30, resulted in a mean speed 
of 26.17 knots, or 1.17 knots over the required speed. The 
contractor,.Mr. Normand, will, therefore, receive a premium of 
$4,680. 


GERMANY. 


Ersatz Leipzig.—The following particulars of this first-class 
triple-screw cruiser are in addition to those given on page 827, 
Vol. VII. 

The side armor, extending completely around the vessel, will 
be of Krupp steel, 7.55 feet wide, varying in thickness from 7.87 
to 3.94 inches. The protective deck will be of nickel steel, and 
join the belt armor at its upper edge. Forward and aft there 
will be an additional nickel steel, curved protective deck. There 
will be a splinter deck over the engine and boiler compart- 
ments. 

The two 9.45-inch guns will be in turrets ; the twelve 5.9-inch 
rapid fire guns will be in armored casemates ; the ten 3.46-inch 
rapid fire guns will be protected by shields. 

There will be three separate engines, which, with full power, 
are expected to give the vessel a speed of 19 knots. 

The coal supply at normal draught will be about 985 tons. 


HOLLAND. 


Friesland, Holland and Zeeland.—These cruisers, building 
in Holland, were described on page 829, Vol. VII. The follow- 
ing additional information, from Messrs. Yarrow & Co. and from 
“ Engineering,” London, is available. 

The I.H.P. is to be 9,250, an increase over the first design. 
The two cylindrical boilers in each vessel are to supply steam 
for 2,250 I.H.P., the eight Yarrow boilers supplying steam for 
the remaining 7,000 I.H.P. The cylindrical boilers are to be 
used for ordinary cruising, and the water tube boilers for emerg- 
ency cases or higher speed, but chiefly for the purpose of in- 
structing the firemen of the Navy in their working. 

Of the twenty-four water tube boilers required for the three 
vessels, Messrs. Yarrow & Co. have built only three, the others 
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to be built in Holland from them as patterns, and according to 
designs furnished by Messrs. Yarrow & Co. The Journat is 
indebted to Messrs. Yarrow & Co. for the cuts of these boilers. 

The tubes are straight, of steel, about 54 feet long between 
drums and 1} inches in diameter. There are five rows on each 
side of the furnace, each row containing about sixty-four tubes. 
The grate surface of each boiler is 40.25 square feet and the 
heating surface, 2,017 square feet. 


Yarrow BOILER. 


The two cylindrical boilers will weigh, with water, 120 tons, 
and the eight Yarrow boilers, with water, 88 tons. These weights 
include the grate bars and fittings, but not smoke pipes. These 
figures give 119.47 pounds of cylindrical and 28.16 pounds of 
water tube boiler per I.H.P. to be developed. 
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The cylindrical, three furnace boilers are 13 feet in diameter 
by 10 feet 6 inches long, exclusive of uptake, which adds another 
2 feet. The Yarrow boilers are 9 feet 3 inches high to top of the 
casing, which includes the steam drum, g feet 3 inches wide and 
g feet long over casings. The top cylinder, or steam drum, ex- 
tends 1 foot further at each end, the total length of the drum 
being 11 feet. As the steam drum is overhead, it does not en- 
croach upon the stoking space, but the extra foot at the back 
must be added to get the total length of the water tube boiler, 
or I0 feet. 

The arrangement of the boilers is as follows: In the after 
boiler compartment, which is just forward of the engine com- 
partments, are the two cylindrical boilers (aft) and three Yarrow 
boilers (forward), the athwartship fire room being between them. 
In the forward boiler compartment are the remaining five Yar- 
row boilers, three aft and and two forward, the athwartship fire- 
room narrowing in from the forward end of the after row of 
boilers. Both fire rooms are very commodious, the length of 
each being about 12 feet. 

It will thus be noticed that three water tube boilers occupy 
the same width in the vessel as the two cylindrical boilers, and 
that the length of the two types of boilers is practically the same. 
In the matter of height, the water tube boiler has an advantage 
of 3 feet 9 inches over the shell boiler. 

The air pressure with the cylindrical boilers will be, at the 
maximum, 2 inches, while that of the water tube boilers will be 
1 inch. These are the pressures taken for calculation of the 
powers mentioned above. 

As the boilers in the Austrian torpedo boat Viper, lately com- 
pleted by Messrs. Yarrow and described above, were of the same 
type as those now referred to, but were 10 per cent. smaller, and 
each of these gave steam for over 1,000 indicated horse power 
with only { inch air pressure in the stoke hold, it will be seen 
that there is a large margin of power in the case of the water 
tube boilers. 

The three pattern boilers were tested at the works of Messrs. 
Yarrow & Co. on Friday, February 14. The Dutch Govern- 
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ment had asked for a test pressure of 290 pounds, which was 90 
pounds above the working pressure, but. Messrs. Yarrow pre- 
ferred to test the boilers to 350 pounds. The boilers were care- 
fully trammelled before test and when the pressure was on, and 
the various members were not found to have altered their posi- 
tions. 


CROSS SECTION 
OF 
YARROW BOILER 


One feature in the installation of the Yarrow boilers, on these 
as well as other vessels, and shown in the cross section of the 
boiler, is that the air passes to the fire through openings fitted 
with light non-return valves which are attached to a diaphragm 
plate, which is fixed to the front of the boiler. As soon as there 
is pressure in the stoke holds, the air passes through these valves 
round the entire casing of the boiler, and then underneath the 
bars to the furnace, the ash pit doors being kept closed. By 
this means, the coal bunkers, which generally surround the 
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boiler, are kept comparatively cool, and what is a much greater 
advantage, the hinged-doors, from their position, are not likely 
to be distorted, while if they are placed in front below the bars, 
as previously done, they are very liable to warp out of shape by 
the heat, and also, by the accumulation of cinders, to prevent the 
doors from closing properly. 


ITALY. 


New Cruisers.—Only two vessels are authorized for this year. 
One is to be an armored cruiser of 10,500 tons displacement, the 
length to be about 419 feet; beam, 65.5 feet, and draught, 25.25 
feet. The I.H.P. is to be 13,000, and a speed of 23 knots is ex- 
pected. 

The other vessel will have a length of 275.5 feet and a beam 
of 26 feet, the displacement being about 1,100 tons. The I.H.P. 
is to be 7,000, and a speed of 22 knots is expected. 

Sicilia.—The following details of the machinery of this battle- 
ship are from “ Engineering,” London. The principal data of 
the vessel and her trials were given on page 195 of the February 
number of the JouRNAL. 

The machinery of the Sici/ia was constructed by Messrs. G. 
Ansaldo & Co., at Sampierdarena, near Genoa, who, at the sug- 
gestion of the Italian Ministry of Marine, entered into an alliance 
with Messrs. Maudslay, Sons & Field, of London, by which these 
latter undertook to assist them in the modifications and exten- 
sions to be made in the establishment at Sampierdarena, and 
took the charge and responsibility of the preparation of all new 
designs for the Italian Navy, as well as the absolute responsibility 
for the construction of the engines, their delivery, their erection, 
and the carrying out of the trials. 

The machinery is identical with that for the Uméberto, and made 
to the drawings of Messrs. Maudslay, from the designs of Mr. C. 
Sells, who has designed the engines for a number of vessels for 
the Italian Navy. 

It had been proposed to adopt triple-expansion engines, but the 
Italian authorities decided to repeat the double compounds of the 
Umberto, which at ordinary cruising speeds prove quite as econo- 
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mical as triple-expansion engines. The arrangement of the main 
engines is very compact and well balanced. The general plan 
of the work is similar to that carried out under the specifications 
of the British Admiralty of that period, except that the tests of 
material are rather more stringent. 

Up to the time of designing the original set of these engines 
fitted in the Umdéerto, the most powerful engines for a ship of war 
had been of 12,000 horse power, the English Admiralty having 
two sets of these actually at work, and several in course of con- 
struction. To efficiently utilize the great power of 20,000 horse 
power, it was decided to have four complete engines, two driving 
each screw, the forward engines to be disconnected when cruis- 
ing at ordinary speeds. 

Neither the engines of the Re Umberto, nor the Sicilia, have 
ever been tried under these conditions, as the reduced power has 
been obtained in the usual way. 

The H.P. cylinder of each forward engine is aft, and of the 
after engines, forward. The exhaust pipe from the L.P. cylinder 
to the condenser passes between the cylinders, the condenser for 
each engine being parallel to the main shaft. 

The engines are vertical, inverted, the collective power of the 
two sets of engines being 15,200 with natural, and 20,000 with 
forced draft. The cylinders are 47 and 89 inches in diameter, the 
stroke being 4 feet 3 inches. 

The cylinder liners are of cast steel. The high pressure valves 
are of the piston type, while the low pressure valves are flat and 
double ported. They are worked by Joy’s valve gear, with Sell’s 
modification of horseshoe frames:of cast steel, instead of links, as 
generally fitted. To prevent any change in the setting of the 
slide valves, all the joints of the working parts of this gear are 
made non-adjustable, an ample supply of spare bushes being pro- 
vided; but in actual working, as their surfaces are very ample, 
the wear on these bushes has been found to be very little, and the 
valve gear generally has given most satisfactory results. 

The starting engine is horizontal and placed between the for- 
ward and after sets of the main engines, being connected to the 
reversing gear of the two sets by means of long rods, so that if the 
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after engines are to be used alone, it is only necessary to remove 
one of these rods. Separate stop valves are fitted to the four 
sets of engines, but throttle valves are fitted in the main steam 
pipe, for shutting off the steam simultaneously from the forward 
and after engines should it be necessary. 

Each cylinder is carried on four cast-steel columns of the usual 
Maudslay type, one at each corner. The crossheads are of 
wrought steel, and have cast-iron shoes at their ends, working 
between cast-iron guide plates fixed on the columns. 

The pistons are of cast steel, and the piston rods are attached 
to them by means of flanges and bolts. The connecting rods are 
of steel, the length between their centers, 9 feet. The crankpin 
bearings are lined with white metal. The crankshafts are of 
steel, made in four parts, the diameter of the forward shaft being 
153 inches, and that of the after one, 19 inches. The bed plates 
are of cast steel. The thrust blocks are fitted with movable col- 
lars of hard brass lined with white metal; both the upper and 
lower parts are arranged for water circulation. 

The screw propellers are of the ordinary 4-bladed type, 20 feet 
in diameter and 20 feet mean pitch. The blades are attached to 
the bosses by screw bolts, and the pitch is adjustable for two feet 
in either direction. Coned caps are fitted over the nuts on the 
ends of the stern shafts. 

The main condensers are of brass, and have a cooling surface 
of 30,000 square feet. They are also arranged for use as jet con- 
densers. The inclined air pumps are of brass, and are worked 
directly from the connecting rods of the main engines by means. 
of rods. 

The centrifugal circulating pumps are driven by separate en- 
gines, and are each able to discharge 450 tons of water per hour. 
A double-cylinder feed pump of the Admiralty type is fitted in 
each engine room, and an auxiliary feed pump of the same type 
in each boiler room, and so arranged that any pump can supply 
any of the boilers. A double-cylinder fire pump and two bilge 
pumps of the same type are also fitted in each engine room, as 
well as a double-plunger hand pump. 

The main boilers are eighteen in number and arranged in six 
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compartments, four forward and two aft of the engine rooms, the 
after boilers being raised sufficiently to permit the screw shafts pass- 
ing underthem. The safety valves are loaded to 100 pounds pres- 
sure per square inch, and the boilers were proved to double that 
amount by hydraulic pressure. Each boiler is 14 feet 3 inches 
in diameter and 9g feet 7 inches long, and has four plain furnaces, 
3 feet 2 inches in diameter, each furnace being in two sections, 
joined byan Adamson‘ring. There is one funnel: for the six after 
boilers and two for the twelve forward boilers, these latter being 
placed side by side athwartship and forward of the single mili- 
tary mast. There are two auxiliary boilers. 

The main boilers are single-ended, with inclined front heads. 
The back heads are flat, except for a distance of 3 feet 4 inches 
from the bottom, where they are inclined. There are three rows 
of irregularly-spaced 2}-inch screw braces, 18 in all, running 
through the steam space in each boiler, the nuts in the uptake 
being protected by a light metal cover. The tubes are all 2? 
inches in outside diameter and 6 feet 9 inches between tube 
sheets. There are 302 ordinary tubes of brass, .13 inch thick, 
and go stay tubes of iron, .2 inch thick, in each boiler. The 
shell plates are 33 inch, the inclined front head 44 inch, and 
tube plates, # inch thick. 

There are two auxiliary boilers, 7 feet in diameter and 14 feet 
6 inches long, placed on the protective deck, as well as two 
powerful horizontal fire pumps, so that very considerable pump- 
ing power would always be available, even should the vessel be 
full of water and the fires in the main boilers be put out. 

The fitting on board of the propelling machinery was com- 
menced as soon as the vessel was launched, July 6, 1891, and 
was completed by May, 1893, when the official steaming took 
place in the presence of a Government commission. 

The completion of the vessel, however, went on but slowly, 
and it was not until May 6, 1895, that she was finally ready to 
leave for Pozzuoli, whence, the guns having been put on board, 
the vessel returned to Spezia for her trials. 

The six hours’ natural draft trial on September 19, the results 
of which were given on page 195 of the last number of the 
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JouRNAL, was not considered as showing the real capacity of the 

machinery. Another six hours’ trial was made on October 14, 
with better stokers, taken from the Sardegua, then in commission 
The mean I.H.P. was increased by about 350, and the trial pro- 
nounced satisfactory. 

The forced draft trials were postponed on account of sudden 
orders to complete the vessel for active service. She is now 
ready for these, trials. 

Like all the large vessels of the Italian navy, she is fitted with 
Colonel Cuniberti’s apparatus for injecting petroleum on the in- 
candescent fuel, and it is expected that in this manner results will 
be obtained equal, if not superior, to those obtained with forced 
draft, but without its disadvantages. 

Carlo Alberto.—This armored cruiser, a sister ship of the 

Vittor Pisani, described on page 830 of Vol. VII, was launched 
on March 14, 1896, at Spezia. The machinery was built by 
Messrs. Ansaldo & Co., Genoa. 


JAPAN. 


Yashima.—This first-class battleship, built by Messrs. Arm- 
strong, Mitchell & Co., was launched on Friday, February 28, at 
their Elswick yard. The construction of this vessel was com- 
menced on Dec. 6, 1894. She is a sister vessel of the /az, men- 
tioned below. The contract price of this vessel was $3,900,000. 

The following description is compiled from “ Engineering,” 
London: 


full bunkers, tons........ 1,200 
10,000 
1.H.P., forced draft, 14 inches of air pressure............... 13,500 
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There is an armored belt 226 feet long by 8 feet deep, which 
at normal draught will extend 3 feet above and 5 feet below the 
water line. In the middle it is 18 inches thick, 16 inches at the 
intermediate parts and 14 inches at the ends. The space aft of 
the citadel is chiefly given up to storerooms. The special fram- 
ing behind the belt armor consists of deep web frames; the teak 
backing, which is of approved design according to Navy prac- 
tice, is 4 inches thick. Special armor bolts are used, there being 
one to about every square foot of surface. Over the machinery 
space’ there is a flat protective deck, 2} inches thick, extending 
athwartships from the top edges of the belt, and therefore above 
water. At the ends, the deck is lower, and also slopes down at 
the sides in the usual way, so that it is below water level. Above 
the thick belt there is 4-inch armor to the main deck. There is 
a barbette of the usual pear shape at each end of the citadel. The 
front of each one is 14 inches thick down to the main deck. Be- 
low this, and down to the protective deck, the barbette armor is 
g inches thick, it being behind the 4-inch side armor. The horse- 
shoe shaped shields to the barbette guns are of 6-inch armor at 
the front, thinning somewhat to the rear, the end being quite 
closed, as in the Maguificent. From each of the barbettes there 
are two screens of 4-inch armor between the main and protective 
decks. These screens are not quite square athwartships, the for- 
ward ones tending aft at a small angle, and the after ones forward. 
At the rear of the barbettes, the armor is 5 inches thick. The 
conning tower armor is 14 inches thick, and there is a director 
tower of 3-inch armor. All heavy armor is harveyized, and has — 
been supplied by Messrs. Charles Cammell & Co. The coal 
storage is arranged so as to give protection against shell fire as 
far as possible. 

There will be two 12-inch, 49-ton guns, in each barbette; they 
will command an horizon of 30 degrees to the rear of each bar- 
bette on both beams. There will be ten 6-inch rapid fire guns, 
six of these being on the upper deck. The two forward and the 
two after guns will have a range of fire of g0 degrees before and 
60 degrees abaft the beam. The two 6-inch guns amidships will 
train 60 degrees before and abaft the beam respectively. The 
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four remaining 6-inch guns will be on the main deck, each one 
being mounted in a casemate having 6-inch armor on the front 
and 2-inch armor on the rear part. The 6-inch guns on the main 
deck are carried on what may be described as half-sponsons; that 
is to say, at the bottom part, or main deck level, they do do not 
project beyond the ship’s side, but above this, as the vessel's side 
tumbles home and the casemates are carried vertically upwards, 
there is a sponson shaped projection. These casemates are pro- 
tected against raking fire by the 4-inch screens before mentioned. 
The upper deck guns are placed behind the usual heavy steel 
shields. 

There will be twenty-four rapid firing guns, twenty being 3- 
pounders, and four, which will be placed in the tops, being 23- 
pounders. Ofthe 3-pounders, eight will be placed on the bridges, 
four on the bulwarks, and eight on the main deck. There are five 
18-inch torpedo tubes, four on the broadside and submerged, and 
one in the bow. The vessel will carry 15 torpedoes. There will 
be two military masts, each with two fighting tops, and two smoke 
pipes. 

There will be a large bridge forward over the conning tower 
and abaft the forward barbette. On this will be placed the chart 
house. The conning tower is on the end of the barbette, an 
arrangement which allows of voice tubes, telegraphs, steering 
rods, &c., being well protected, as they go down the ammunition 
hoist. There is a somewhat smaller bridge aft, these two 
athwartship bridges being connected by fore-and-aft bridges. 

The boats are to be carried on skids in the usual way, and 
there is a derrick with steam winch for lifting them placed on the 
upper deck. A donkey boiler on the main deck supplies steam 
to the derrick, capstan engines, &c. There will be two 56-foot 
torpedo vedette boats, a 42-foot launch for countermining, a 30- 
foot steam pinnace, a 28-foot cutter, a 30-foot and a 27-foot gig: 
a 27-foot life boat, besides smaller boats and life rafts. A 2}- 
pounder gun will be placed in each of the larger boats. 

The vessel has bilge keels running nearly half the length of 
the ship and about 2 feet 6 inches deep. The bottom appeared, 
as the vessel was in construction, to be rather flatter amidships 
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than some designs for this class of vessel, but the ends are 
beautifully fine, the endeavor being, apparently, to get stability 
by a squarer bilge than usual. The flat keelplate is of the 
ordinary construction, and there is the usual cellular double 
bottom with longitudinal framing. Within the citadel are deep 
frames, and beyond the frames are rolled Z-bars split to take the 
floors. The stem and ram are of cast steel in one piece. The 
rudder frame and the stern frame are also steel castings. The pro- 
peller shaft struts are two steel castings meeting under the keel, 
where they are scarphed together and bolted through the keel, 
the upper ends being attached to the ship by palms as usual. 
The bottom rises towards the after end, and a balanced rudder is 
used, as originalfy introduced in torpedo craft and now applied 
to cruisers. 

The Yashima is intended to be used as a flagship. The Ad- 
miral’s cabin is in the extreme after part on the main deck. This 
room is about 40 feet in length, and looks out on the quarter 
gallery. Immediately forward is the dining room, which is 15 
by 30 feet. The state room and bath room areadjoining. The 
officers’ state rooms are on each side of the ship. The crew’s 
quarters are forward in the usual positions, there being messing 
room for the whole ship’s company of 6co at onetime. From 
the main deck is to be seen the extensive provision made for 
strengthening the upper deck near the barbettes, to provide 
against the blast of the 12-inch guns. This consists chiefly of 
deep girders supported by pillars, &c. The steel bulkheads di- 
viding the officers’ rooms are also strengthened for this purpose. 

The coal bunkers extend from the belt deck to the main deck 
through the whole length of the citadel ; in the midship bunkers 
there is over 12 feet of coal, this amount decreasing as the ship 
narrows. All hatches and openings in the belt deck are pro- 
tected by coffer dams, 3 feet high, or 6 feet above the normal 
waterline. All hatches, smoke pipe and ventilator openings have 
either armored doors or armored bars at the level of the protect- 
ive deck. 

On this belt deck, outside of the citadel, there is accommoda- 
tion for some of the officers aft and for part of the crew forward. 
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The wardroom, which is aft, is 40 by 25 feet. Forward on this 
deck is the bow torpedo tube. 

On the lower deck and below the base of the barbettes (the 
latter standing on the protective deck) are athwartship armored 
bulkheads joining the ends of the port and starboard armor belt. 
These bulkheads are beyond the ends of the barbettes and are at 
right angles to the center fore-and-aft line, not sloping as the 4- 
inch screens above. The forward bulkhead is 14 inches and the 
after one, 12 inches thick. On this deck, and protected by the 
belt and the coal when in the bunkers, there is an ammunition 
passage for serving the 6-inch guns, extending around the ma- 
chinery space, which at this level occupies the greater part of the 
citadel. The magazines are below, and the ammunition is brought 
up by hoists and served from this passage to the gun positions 
through armored hoists. The arrangement is very convenient, 
as the ammunition is thus taken direct to the guns by a straight 
lead, and has to be handled only behind armor. Forward and 
aft of the machinery space, but within the citadel, on this deck, 


are two sets of hydraulic engines for working the barbette guns. 
Forward, beyond the citadel, on this deck, are tanks, stores and 
chain lockers. 


The main part of the lowest or platform deck is occupied by 
the machinery space, but between the engine rooms and extend- 
ing their whole length, and in height from the protective deck to 
the inner bottom, is an important compartment, about g feet wide 
and 40 feet long. This is divided into engineer’s workshops, en- 
gineer’s storerooms and gunner’s stores. The workshops being 
placed here are very convenient for repairs, and by the arrange- 
ment a double bulkhead is afforded between the engine rooms. 
This may prove to be an important feature in a war vessel, and, 
remembering the C7ty of Paris mishap, it may also be of use in 
a merchant vessel. Outside of the machinery space are the 
magazines, shell rooms and handling rooms; the submerged 
torpedo rooms and steering compartment aft, and the other 
submerged torpedo rooms, capstan engine and boatswain’s stores 
forward. The hold is occupied by magazines, submarine mines, 
ballast tanks and torpedo workshops. There are 181 water 
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tight compartments, of which 36 are in the double bottom, 70 in 
the hold, 18 on the platform deck, 29 on the lower deck, 22 on 
the belt deck and 6 on the main deck. 

The machinery is supplied by Messrs. Humphreys, Tennant 
& Co., Deptford. There are two triple-expansion engines with 
cylinders 40, 59 and 88 inches in diameter and 45 inches stroke. 
There are ten single ended, cylindrical boilers, each with four 
furnaces. They are placed in four compartments, three boilers 
in each forward and two in each after compartment. 

The Yashima is not unlike the new battleships just proposed, 
but, though of less displacement, has a somewhat greater draught. 
The main armament is the same, so far as number and caliber of 
guns are concerned, but it may be that the Yashima’s guns will 
be longer than those of the British ships. The Yashzma still’ 
more nearly approaches the Rexown, being about the same length, 
18 inches wider, and practically the same displacement, the 
draught of the British vessel being somewhat greater. In place 
of the four 12-inch guns of the Yashima, the Renown has four 10- 
inch guns. The number of 6-inch guns is ten in each vessel. 
The Yashima exceeds in size H.M.S. Barfleur, which now ranks 
as a first-class battleship, the latter being about 2,000 tons less 
displacement than the Yashima. The British vessel has, however, 
four 29-ton guns as her main armament, in place of the four 49- 
ton guns of the Japanese vessel, and but eight of the 4.7-inch 
guns in place of the ten 6-inch guns. On the other hand, the 
Majestic, which is nearly 15,000 tons displacement, has, like the 
Yashima, four 12-inch guns, but the guns in the British vessel 
may not be so long, and will, therefore, be a trifle lighter. 

Fuji.—A sister ship of the Yashima, was successfully launched 
on Tuesday, March 31, by the Thames Iron Works. The ma- 
chinery was built by Messrs. Humphreys, Tennant & Co., Dept- 
ford. 

The launching weight of the Fuji was 7,500 tons, said to be 
the heaviest vessel ever launched in a private or public yard. 
Including the cradles, the dead weight on the ways was about 
2} tons per square foot. 
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The general dimensions of this vessel are given as slightly 
different from the Yashima. 

Length between perpendiculars, 374 feet; beam, 73 feet; 
draught, 26.5 feet; displacement at this draught, 12,450 tons; 
1.H.P., 14,000, and speed, 18.75 knots. 


PORTUGAL. 


A fast cruiser and two gunboats are to be built by the Thames 
Shipbuilding and Iron Works Company. 


RUSSIA. 


George the Victorious.—This battleship, of the Black Sea 
Fleet, the principal data of which were given on page 129, Vol. 
IV, has had her trials. She was launched in 1892. 

The armor belt has a maximum thickness of 15.75 inches and 
the barbettes, 11.81 inches. The protective deck is about 2.75 


inches thick. 
SWEDEN. 


Odin.—This first-class coast defense vessel was launched at 
Stockholm on March g, 1896. The length is 278.8 feet; beam, 
49.21 feet ; draught, 16.5 feet ; displacement, 3,346tons. A speed 
of 16 knots is expected. 

The armament will consist of two 9.8-inch Canet guns in tur- 
rets, four 4.7-inch rapid fire guns in casemates, four 6-pounders, 
four I-pounders, two machine guns, and one submerged, bow 
torpedo tube. 

The vessel has twin-screw engines, which are designed for 
about 3,700 I.H.P. 

The turret and side armor is 12 inches thick. 
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Atlanta.—This steel passenger and freight steamer, built by 
the William Cramp and Sons’ Ship and Engine Building Co., 
Philadelphia, for the Southern Railroad Co., to run between Nor- 
folk and Baltimore, was launched on Wednesday, March 18. 
The following data and description are from the “American 
Shipbuilder,” New York: 

Length over all, 240 feet; length between perpendiculars, 232 
feet; beam, 42 feet; and depth, 15 feet. The vessel is built of 
steel up to saloon deck, with scantlings according to highest 
class in the “ Record of American and Foreign Shipping.” The 
passenger accommodations are above the saloon deck, and are 
very extensive and elaborately fitted up, there being a spacious 
and well lighted dining saloon forward, with pantry and galley 
above same conveniently arranged. There are state rooms for 
100 passengers—all outside rooms—also spacious lavatories, 
toilet rooms, &c. All the passenger accommodations are sep- 
arated from the cargo spaces by iron partitions, making them 
secure in case of fire and excluding any odors or dust. The 
machinery enclosures are of iron to top of deck houses. There 
is one triple-expansion engine with cylinders 24, 38 and 62 inches 
in diameter-and 36 inches stroke. All the main shafting is of 
steel and the propeller of manganese bronze. The feed and cir- 
culating pumps are independent. There are four steel boilers 
12 feet in diameter, 12 feet long, the working pressure being 160 
pounds per square inch. Each boiler has two corrugated fur- 
naces, the total grate surface being 200 square feet and the heat- 
ing surface, about 6,000 square feet. There is a Williamson steam 
steering engine, and a complete electric light outfit, with a search 
light of 2,000 candle power. The builders have guaranteed a 
continuous speed of 15 knots on the vessel’s route. 

India.—The first one of six new single-screw steamers ordered 
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by the Peninsular and Oriental Co. was built by Messrs. Caird & 
Co., Greenock, Scotland, and launched on April 15. Four of 

these steamers are building by the above firm and another, the 

China, by Messrs. Harland & Wolff, Belfast, Ireland. They are 

to be 500 feet long, with a beam of 54 feet, a depth of 37.5 feet, 

and a registered tonnage of about 8,000 tons. They will have 

triple-expansion, four-cylinder engines, which are to develop 

11,000 I.H.P. Howden’s system of forced draft will be fitted. 

There will be accommodation for 500 saloon passengers. 

Inchmona.—This steel steamer, built by Messrs. Wm. Gray 
& Co., West Hartlepool, was launched on February 29. The 
length is 335 feet; beam, 46.5 feet; depth, 26.33 feet; and dead- 
weight carrying capacity, 5,000 tons on a draught of 20.5 feet. 
Water ballast tanks, of a capacity of 920 tons, are fitted forward 
and aft. The machinery consists of the first set of Mr. Thos. 
Mudd’s patent quadruple-expansion, five-crank engines, and has 
been built by the Central Marine Engine Works. The two LP. 
cylinders are each 42 inches in diameter. There are two cylin- 
drical boilers, the working pressure being 255 pounds per square 
inch. 

Mohawk.—This steel, paddle wheel freight steamer, built by 
the Delaware River Iron and Shipbuilding Co., Chester, Pa., for 
the Central Vermont Railroad Co.'s service between New Lon- 
don and New York, was launched on March 7, after an unsuc- , 
cessful attempt made on February 29. A sister vessel, the 
Mohegan, built at the same yard, was launched in April. 

The length is 280 feet over all ; beam of hull, 43; beam over 
guards, 60 feet; depth, 19 feet; displacement on a draught of 12 
feet, 2,100 tons. 

The engines will be triple-expansion, with cylinders 22, 35, 
and 56 inches in diameter, the stroke being 42 inches. There 
will be three cylindrical steel boilers, 125 feet in diameter and 
12 feet long, the working pressure being 165 pounds per square 
inch. Howden’s forced draft system will be used. 

The estimated speed is 15 miles per hour. Both vessels were 
designed by Mr. Frank E. Kirby, of Detroit, Mich. 
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L. C. Waldo.—This steel freight steamer, building by Messrs. 
F. W. Wheeler & Co., West Bay City, Mich., for Messrs. Waldo 
& Roby, of Detroit, Mich., was launched on Saturday, March 7. , 
The principal dimensions are as follows: Length over all, 400 
feet g inches; length on keel, 380 feet; beam, moulded, 48 feet; 
depth moulded, 28 feet. 

Her construction embodies the most improved practice and 
fulfills the highest requirements of any registry in connection 
with the Lakes. The double water bottom is built on the cel- 
lular system and is 5 feet 6 inches deep, with a capacity of 2,000 
tons. She is built on the channel system, with frames, 6 inches 
3 inches 17 pounds, spaced 24 inches apart, and channel 
web frames, 15 inches < 3} inches X 33 pounds, spaced every 
8 feet. There are eleven hatches, spaced 24 feet between centers, 
which, with her carrying capacity of 3,809 gross tons on 14.5 
feet draught, will make her one of the easiest handled and largest 
carriers on the Lakes. : 

In general appearance the Wa/do differs little from the usual 
Lake style of steamer; three pole spars, pilot house well forward, 
and boiler house and cabins aft. In equipment she is the equal 
of any vessel on the Lakes, being provided with steam windlass 
and capstan; Williamson Bros. steam steerer; Vu/can patent 
stockless anchors ; and a complete electric light plant, including 
search light. 

There is one triple-expansion engine, with cylinders 23, 374 
and 63 inches in diameter, and 44 inches stroke, built by Messrs. 
F. W. Wheeler & Co., in theirown shops. The high and inter- 
mediate pressure cylinders are fitted with piston valves and the 
low pressure, with a double ported, balanced slide valve, all worked 
by a Stephenson double-bar link motion. There is a powerful 
steam reversing gear. Crossheads and connecting rods are 
wrought iron; the former are fitted with large slippers and the 
latter have the upper ends forked to suit crossheads. All pistons 
are cast iron, and are fitted with self-setting spring rings. The 
framework consists of six cast-iron columns, the three rear 


Note.—Most of the data of S.S. Z. C. Waldo and City of Bangor were kindly 
supplied by the builders, Messrs. F. W. Wheeler & Co. 
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columns being Y-shaped, and having large bearing surfaces for 
the slides. The bed plate is cast in one piece and has five main 


journals, The crank shaft is 12 inches in diameter. The cranks 


are placed 120 degrees apart in the order of high, low and inter- 
mediate. The thrust shaft is 12 inches in diameter, and has four 
large collars. The thrust bearing is of the horse-shoe type and 
easily adjusted. The propeller shaft is 12 inches in diameter 
and 12} inches in the stern bearing. The latter consists of a 
sleeve 5 feet long, made in halves and lined with lignum vite. 
The propeller is four bladed, of cast iron, with detachable blades, 
and is 13.5 feet in diameter, and has a pitch of 17.5 feet. 

There are two cylindrical, return-tube boilers, 15 feet in diame- 
ter and 12 feet long, built by Wickes Bros., of Saginaw. The 
working pressure is 170 pounds per square inch. Each boiler 
has three 44-inch furnaces, four hundred and seventy-seven 2}- 
inch tubes, a grate surface of 60 square feet, and a heating surface 
of 3,115 square feet. The boilers are fitted with Ellis & Eaves’ 
system of induced draft, which is here used for the first time on 
the Lakes. The two Sturtevant fans for inducing the draft are 
7 feet in diameter, each driven by a 65-inch double, enclosed 
steam engine. These fans are placed at the after end of the 
boilers and are connected to them by two air heating boxes on 
top of the boilers, each box containing one hundred and forty- 
eight 3-inch tubes, 16 feet 7} inches long. The gases pass from 
the boilers through the air heating boxes to the fans, from which 
they are discharged through the smoke pipe. 

The total cost of the vessel is about $225,000. 

City of Bangor.—This steamer, built by Messrs. F. W. 
Wheeler & Co. for Messrs. Eddy Brothers & Co., of Bay City, 
Mich., was launched on Wednesday, March 18. The following 
are the principal dimensions: Length over all, 384 feet 6 inches ; 
length on keel, 366 feet; beam, moulded, 44 feet 6 inches ; depth, 
moulded, 26 feet 7 inches. 

Her hull is similar to that of the Wa/do, with the exception of 
the water bottom, which is 54 inches deep. She has ten hatches, 
spaced 24 feet between centers, and a carrying capacity of 3,400 
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gross tons on 14 feet 6 inches draught. The equipment and rig 
are the same as those of the Waddo. 

The triple-expansion engine is of the same type, with cylinders 
22, 35% and $9 inches in diameter and 44 inches stroke. The 
propeller is 13.25 feet in diameter and has a pitch of 16.5 feet. 
All pumps are independent. There are two cylindrical return- 
tube boilers, each 15 feet 6 inches in diameter and 12 feet long, 
the working pressure being 170 pounds per square inch. Each 
boiler has four furnaces, 41 inches in diameter, 362 3}-inch tubes, 
78 square feet of grate surface and 3,135 square feet of heating 
surface. 

Elisabeth Rickmers.—This steel steamer, built by Messrs. 
Wigham, Richardson & Co., Newcastle, for the Rickmers Co., 
Bremen, was launched at the end of March. The principal 
dimensions are: Length, 427 feet; beam, 50.5 feet; depth, 30 
feet ; and a carrying capacity of about 7,200 tons dead weight. 

The engines are of the quadruple-expansion type, balanced 
according to the Yarrow, Schlick and Tweedy system. The 
working pressure will be 215 pounds per square inch. 

Besides this steamer, the Messrs. Rickmers have ordered two 
others of the same size, but with machinery of different types, so 
as to have an opportunity of making a practical test of the 
various systems. The Marie Rickmers will have a triple-expan- 
sion engine, the boiler pressure to be 185 pounds per square 
inch; the Ellen Rickmers will have boilers with the same work- 
ing pressure, but forced draft will be used. 

Frank Rockfeller.—This steamer was successfully launched 
at the American Steel Barge Co.’s yard, West Superior, Wis- 
consin, on Saturday, April 25. 

The following description is from the “ Marine Record,” 
Cleveland : 

The Rockfeller is 384 feet long, and has 45 feet beam and 26 
feet depth. 

Her capacity will be 4,000 tons, or about 135,000 bushels of 
wheat on 14} feet, or over 220,000 bushels of wheat on 20 feet 
draught. 

In the construction of the Rockfeller, the bulb-angle system of 
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framing is used. The water bottom is 48 inches deep, and is 
constructed on the McIntyre principle. The compartments will 
hold 1,600 tons of water ballast. 

The hull departs somewhat in appearance from the other whale- 
back steamers. The deck has less crown and the topsides are 
straighter. The pilot house is separate from the main cabins, the 
intervening space of 34 feet being occupied by fueling hatches. 
The old plan of placing engines and stacks in separate tunnels 
has been abandoned, and one large turret protects the whole of 
the space. This greatly improves the ventilation of both engine 
and fire rooms. The boilers are placed higher than has hereto- 
fore been the practice, affording additional cargo space. 

There are eleven center line cargo hatches, each 12 x 8 feet, 
and ten side hatchgs, each 6 X 4 feet, the latter located upon the 
port side of the ship, this arrangement allowing twenty-one ore 
spouts to be lowered into the vessel at one time, thereby reducing 
the time required for loading. 

There is one triple-expansion engine, with cylinders 23, 38, 
and 63 inches in diameter by 40 inches stroke. There are three 
Scotch boilers, 12 X 13 feet, each with three 38-inch furnaces, 
and allowed 175 pounds working pressure. The engines and 
boilers were built by the Cleveland Ship Building Co. The 
steam windlass and deck capstans were made by the Bath Iron 
Works, of Bath, Maine. The propeller is 133 feet in diameter, 
with a pitch of 16 feet. The expected speed is 14 miles per 
hour. 

Coralia.—This twin-screw steamer, built by the Globe Iron 
Works, Cleveland, Ohio, for the Mutual Transportation Company, 
was launched on Saturday, February 22. The length is 432 feet 
over all, and 412 feet between perpendiculars; beam, 48 feet; 
depth, 28 feet. When drawing Ig feet the net capacity will be 
6,680 tons, and at 14.5 feet, 4,180 tons. 

The frames are of Z-bars, 64 * 3% inches, spaced 2 feet apart, 
with web frames at intervals. The stanchions are of I section. 
The deck beams are bulb T’s, spaced 4 feet apart. The cellular 
double bottom is 60 inches high. The best open hearth steel 
was used in the construction of the hull. 
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The engine is of the inverted, triple-expansion type with cylin- 
ders 23, 39 and 63 inches in diameter, the stroke being 42 inches. 
There are four Scotch boilers, 11.5 feet in diameter and 10 feet 
long, placed in pairs athwartships. 

The total heating surface is 4,336 square feet, and the grate 
surface, 160 square feet. The working pressure will be 160 
pounds per square inch. 

George N. Orr.—This steel freight steamer, built by the 
Chicago Shipbuilding Co., South Chicago, Ills., was successfully 
launched on Saturday, April 14; The length over all is 340 
feet; on keel, 326 feet; beam, 42 feet; and depth, 26 feet. There 
is one triple-expansion engine, with cylinders 20, 33 and 54 
inches in diameter, the stroke being 42 inches. There are two 
boilers 12 feet in diameter and 12 feet long. 

Reina de los Angeles.—This passenger and freight steamer, 
built for Messrs. Menendez & Co., of Cienfuegos, Cuba, was 
launched by the Neafie & Levy Ship and Engine Building Com- 
pany of Philadelphia, on Saturday, March 14. She is intended to 
carry passengers and freight between ports on the south coast of 
Cuba. The new vessel is finely fitted, and has accommodations 
for 100 passengers. Her length is 244 feet; beam, 35 feet ; depth 
of hold, 22 feet; gross tonnage, 1,300 tons. She has vertical, 
twin-screw, triple-expansion engines of 1,200 horse power. The 
surface condensers are supplied with water by centrifugal pumps 
of a capacity of 120,000 gallons per hour. Three large inde- 
pendent pumps are arranged for fire, feed and sanitary purposes. 
A complete modern electric light plant will be placed in the lower 
engine room, supplying search and incandescent lights. There 
are four steel boilers. She is the sixth vessel built by the Neafie 
& Levy Company for Menendez & Co. 

Ekaterinoslav.—This auxiliary steel cruiser, built for the 
Russian Volunteer Fleet by Messrs. Hawthorne, Leslie & Co., 
Hebburn-on-Tyne, was launched on January 30. The principal 
dimensions are: Length, 450 feet; beam, 50 feet ; depth, 32 feet. 

The engines, building by the St. Peter’s Works, are of the 
twin-screw triple-expansion type, with cylinders 21, 34 and 55 

29 


} 
— 
> 
> 
hy 
1 
e 
n x 
n 
> 
t, 
n. 
ir 
el 


428 MERCHANT STEAMERS. 


inches in diameter, the stroke being 42 inches. The designed 
speed is 20 knots. 

Minneburg.—This steel screw steamer, built for the Hansa 
Steamship Co. of Bremen, was launched on February 18, 1896, 
from the works of Sir Raylton Dixon & Co., Middlesbrough, 
England. The length is 323 feet ; beam, 42.5 feet ; molded depth, 
25 feet; and deadweight capacity, 3,600 tons. The engines. 
are quadruple-expansion, built under German requirements by 
Messrs. Wigham, Richardson & Co., Newcastle-on-Tyne. The 
cylinders are 19}, 28, 42 and 61 inches in diameter, the stroke 
being 42 inches. 

There are two cylindrical boilers, the working pressure being 
215 pounds per square inch. 

On April 10 a successful trial was made. 

Algoa.—This screw steamer, built and engined by Messrs. Wm. 
Doxford and Sons, Pallion, had her trial trip on March 24. The 
vessel, at this date, is the largest cargo vessel yet built in Great 
Britain, her deadweight capacity being 11,375 tons. The dimen- 
sions are: Length, 465 feet; beam, 58 feet; depth, 35 feet; and 
load draught, 20 feet. She has triple-expansion engines with cyl- 
inders 29, 50 and 80 inches in diameter, the stroke being 51 inches. 
There are two single-ended boilers fitted with Ellis and Eaves’ 
induced draft and Serve tubes. The estimated speed of the vessel 
was 10} knots when loaded, but on the full power trial, a speed 
of about 114 knots was attained. 

City of Buffalo.—This side-wheel steamer of the Cleveland 
and Buffalo line was built by the Detroit Dry Dock Co. The 
following description is condensed from the “ Marine Review,” 
Cleveland : 

Her cost complete will be about $350,000, and a speed of 
twenty miles an hour in regular service is expected. She was 
designed by Mr. Frank E. Kirby, of the Detroit Dry Dock Co., 
who designed and built the City of Cleveland, City of Detroit and 
other big side-wheel steamers of the Detroit & Cleveland Steam 
Navigation Co. Her principal dimensions are: Length on water 
line, 298 feet; length over all, 308 feet; breadth over hull, 41 


| 
| 
4 
a 
a 
4 
~ 


MERCHANT STEAMERS. 429 


feet; breadth over all, 75 feet; depth, midship, 17 feet 4 inches; 
draught, light, 9 feet 6 inches; draught, loaded, 11 feet 6 inches. 

The steel hull is divided into eleven compartments, commu- 
nication between which is by automatic water tight doors, which 
can be operated from the deck. Coal bunkers are athwart ship, 
forward and aft of the boilers, and have capacity of about 350 
tons of coal. The engines were built by the W. & A. Fletcher 
Co., Hoboken, N. J., and are of the compound beam type, with 
a high pressure cylinder, 52 inches in diameter by 8 feet stroke, 
and a low pressure cylinder, 80 inches in diameter by 12 feet 
stroke. They are fitted with Sickle’s valve gear. There is a 
pressure feed water heater of sufficient capacity to condense steam 
from all of the engines, some sixteen in number. No other lake 
steamer of her type has a cylinder exceeding 68 inches in diam- 
eter. There are six, two-furnace, Scotch boilers, each 12 feet 6 
inches in diameter and 12 feet long. They are allowed 125 
pounds per square inch working pressure. The weight of the 
six boilers is 250 tons without water and about 500 tons when 
filled with water. The Howden system of hot draft will be fitted. 
The elliptical smoke stack is 7 by g feet and 65 feet high. The 
wheels are of the Clyde feathering type, 30 feet 6 inches in diam- 
eter, and when set up complete weigh 58 tons each. The main 
shafts are 29 feet long and 24 inches in diameter, and weigh 18} 
tons each. There is an electric light plant capable of supplying 
1,500 to 2,000 lamps, in addition to a search light. 

The entire main deck forward of the passenger gangways, 
which are some distance aft of the wheel houses, will be given 
up to freight. The social hall, entered from the passenger gang- 
ways, is finished in light mahogany, highly carved. Adjoining 
this are offices and the baggage room, and aft of it is a day cabin. 
The main dining room is below the main deck; it is finished in 
oak and will seat about 150 people. Kitchen and pantry are for- 
ward ofthe dining room. The grand saloon, from which entrance 
is gained to all state rooms, is 250 feet long, and is surrounded 
by a gallery that leads to the second tier of state rooms; the 
lower portion is finished in solid dark mahogany, with pressed 

‘leather panelings of artistic design, while parts surrounding and 
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above the gallery are of delicate tints with gold tracings. Ac- 

commodations for passengers include 160 state rooms, besides 

six parlors with bath and other accommodations, and 150 single 

berths, making in all berths for 640 people. 

John Englis.—The contract for this single-screw steel passen- 
ger and freight steamer has been given to the Delaware River Iron 
Shipbuilding and Engine Company, Chester, Pa., by the Maine 
Steamship Company. The vessel is to run between New York 
and Portland, Maine. The length will be 315 feet overall; beam, 
46 feet ; tonnage, 3,500. She will have a large freight capacity, 
and have about 110 staterooms for passengers. 

The engine will be triple-expansion, with cylinders 28, 44 and 
73 inches in diameter. There will be four Scotch boilers. 

The speed expected is 18 knots, and the estimated cost about 
$300,000. 

Truma.—This steel screw steamer, built by Messrs. Short 
Brothers, Sunderland, has the following dimensions: Length, 
255 feet; breadth, 36 feet 9 inches; and depth molded, 20 feet 
4 inches, with a deadweight carrying capacity of about 2,550" 
tons. The triple-expansion engine has cylinders 19, 31 and 51 
inches in diameter, with a stroke of 36 inches. The working 
pressure of the boilers will be 180 pounds. The engines and 
boilers were built by Messrs. Allan & Co., Sunderland. This 
vessel has been built in the remarkably short period of forty-nine 
working days, including Shrove Tuesday and March 17, on both 
of which days the yard was idle, also counting Saturday a full 
day, and not allowing for lost time through bad weather, the 
first keel plate being laid on February 1. From commencing 
to plate the inner cellular bottom to the completion of testing 
by Det Norske Veritas and Lloyd’s surveyors there were only 
fifteen days.—(From “ Engineering,” London.) 
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Josephine.—This steel yacht, described on page 211 of the 
last number of the JouRNAL, was successfully launched by the 
Crescent Shipbuilding Company, Elizabeth, N. J., Wednesday, 
March 4, 1896. The following data of the machinery are taken 
from the “American Machinist,’ New York: 

The triple-expansion engine was designed by John Haug, of 
Philadelphia, and built by John W. Sullivan, of New York. 

The cylinders are 18, 27 and 42 inches in diameter, and have 
a stroke of 28 inches. At the front they are supported by three 
wrought-iron columns, 4} inches in diameter, and at the back, 
by cast columns bolted to the top of the condenser, which is 
embodied in the framing. The cooling surface is 1,600 square 
feet. A single-acting air pump, 21 inches in diameter, is bolted to 
the condenser, and worked by a lever from the L.P. crosshead. 
The feed and bilge pumps, on either side of the air pump, are 
operated by the same lever, while the circulating pump is an in- 
dependent one. 

A piston valve is used for the high pressure cylinder, and 
double-ported slide valves for the others. The steam ports are 
3 X 12,3 X 20and 3 X 38inches. The valves are all operated by 
link motion, the links being of the bar type. 

The steam reversing gear is placed between the I.P. and L.P. 
frames, the guide for the piston rod being bolted to the front LP. 
column. The reversing cylinder is 8 inches in diameter. The 
diameter of piston rods is 34 inches and of the connecting rods, 
3% inches at the crosshead, and 4} inches at the crank pin end. 
The crosshead pins are 48 inches and the crank pins 8% inches 
in diameter by g inches long. The main journals are 8$ inches 
in diameter and 12 inches long. The crank webs are 6} inches 
thick and 16} inches wide. Hand turning gear is provided. 


a 
‘ 
— 
431 — 
4 
. 
” — 
if 
“4 
i 
i] 
i 
) 
i 
— 
| 
| 
— 
i 
i 
— 
H| 


432 YACHTS. 


The diameter of the propeller is 9 feet 10 inches and the pitch, 
14 feet. «The engine is to develop from 1,000 to 1,200 horse 
power upon a coal consumption of 1,600 pounds per hour. 

Giralda.—This steam yacht is building by Messrs. James M. 
Bayles & Son, at Port Jefferson, L. I., for E. S. Renwick, of Mil- 
burn, N.J. The drawings and measurements were furnished by 
the owner and designer. The hull is of parabolic shape, all the 
lines being mathematical parabolas, proportioned upon a system 
devised by the designer. 

The length will be 104 feet on the water line and 127 feet over 
all, the beam 20 feet, and the depth of hold, 11 feet. 

She will be schooner rigged, and is expected to steam 12 knots. 
The net registered tonnage is 145 tons. 

Her frame is of live oak, white oak and yellow locust, a part 
of which was to have been used in a vessel built in the Brooklyn 
Navy Yard many years ago. The planking is of yellow pine, 23 
inches in thickness. The deck beams are more than an inch 
larger than it is customary to use in a yacht of the same size. 

The hull is divided into four water tight compartments. The 
deck house will be 74 feet in length, and continuous from the pilot 
house forward to the saloon aft. Just abaft of the pilot house 
will be the smoking room, I0 feet square, with toilet and bath 
rooms connecting. The dining room, 17 feet by 10} feet, the 
sailing master’s quarters and the butler’s pantry will occupy a 
place aft of the machinery, on deck. Below deck will be two 
saloons, one forward and the other aft of the machinery. The 
after saloon will be finished in white and the forward one in red 
mahogany. Winding stairs, forward and aft, will connect with 
the deck. 

The engines will be of the Wells balanced compound type, two 
independent engines acting upon cranks placed go degrees apart. 
Each engine employs two double-acting cylinders, the low pres- 
sure cylinder, 22 inches in diameter, standing immediately above 
the high pressure cylinder, 11 inches in diameter ; the two cylin- 
ders, in fact, being comprised in a single casting. The piston of 
the high pressure cylinder connects in the usual way to a crank 
upon the main shaft. The low pressure piston is connected, by 
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means of two piston rods and two connecting rods, with two 
cranks exactly opposite to and at each side of the first crank. 

The engines will be fitted with piston valves throughout, and 
have independent admission and cut-off valves. With an initial 
pressure of 100 pounds, the engines will develop 450 horse-power, 
and may be instantly reversed when running at full speed. 

The crank shaft will be 6 inches and the propeller shaft 5 
inches in diameter. The four thrust collars will be 9 inches in 
diameter. There will be one Lighthall surface condenser, having 
600 square feet of cooling surface. The independent combined 
air and circulating pump will have a steam cylinder 9 inches in 
diameter by 12 inches stroke, the air pump cylinder being 10 
inches and the circulating pump cylinder, 12 inches in diameter. 

There will be two independent, vertical boiler feed pumps, and 
one vertical fire pump, the latter having a steam cylinder 5 inches 
and a water cylinder 3 inches in diameter, the stroke being 6 
inches. These pumps will all be furnished by Mr. M. T. David- 
son of New York. 

The propeller will be of the Delamater balanced type, 6 feet 
in diameter, and have a pitch of 8 feet. 

There will be two Almy water tube boilers having a combined 
grate surface of 40 square feet. There will be one smoke pipe 
with an internal diameter of 35 inches, the outer casing being 
41 inches in diameter. 

The total cost of the yacht will be about $43,000. 

Kanawha.—This composite yacht is building by Messrs. C. 
L. Seabury & Co., Nyack, N. Y., for Mr. J. P. Duncan, of New 
York. The length over all is to be 140 feet ; on load water line, 
114 feet; beam, 17 feet; depth,g feet 8 inches; draught, 7 feet. 

This yacht has slightly larger dimensions than the Aawatha, 
described on page 214 of the February number, but the internal 
arrangements are almost the same. The speed is estimated at 
16 miles per hour for three hours. The boiler will be of the Sea- 
bury water tube type. 

Beatrice.—This yacht is building by ean: J. and G. Thomp- 
son, Glasgow, for Messrs. O. and R. Goelet, of Newport, R. I. 
The design is by Mr. George L. Watson. She will be about 250. 
feet long on the water line and have a tonnage of about 1,720. 
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There will be eight water-tube boilers, building by Messrs. C. 


L. Seabury & Co., Nyack-on-Hudson. The working pressure is . 


to be 250 pounds per square inch. 

Enquirer.—This stéel yacht is building by the Union Dry 
Dock Company for Mr. W. J. Connors, of Buffalo, N. Y. The 
dimensions are: Length on load water line, 123 feet t inch; over 
all, 143 feet; beam, 17 feet 6 inches; depth, 10 feet; draught 
forward, 5 feet, and aft, 6 feet. The engine, built by the River- 
side Iron Works, Detroit, is of the triple-expansion type, with 
cylinders 103, 17 and 27 inches in diameter, the stroke being 16 
inches, and has been delivered at the Union Company’s yard. 
The yacht is to be finished in bird's-eye maple and quartered oak. 
.—This twin-screw yacht is building by Mr. John N, 
Robins, South Brooklyn, N. Y., for Mr. M. C. D. Borden. The 
length over all will be 250 feet 6 inches; length on load water 
line, 212 feet; beam, 28 feet; and depth, 16 feet 8 inches. The 
engines are building by the North River Iron Works, Messrs. 
W. & A. Fletcher & Co., Hoboken, N. J. The boilers will be of 
the Babcock and Wilcox type. 

Speedy.—This twin-screw steel yacht, built by Messrs. Ram- 
age & Ferguson, Leith, Scotland, for Baron Barreto of Suffolk, 
was successfully launched on April 15. The following data 
are from ‘“ The Marine Engineer,” London. 

The length between perpendiculars is 115 feet; beam 20.5 
feet; depth, 12 feet; tonnage, yacht measurement, about 250. 

The triple-expansion engines have cylinders 10, 16 and 26 
inches in diameter, the stroke being 18 inches. The propellers 
areofbronze. The starting and reversing levers for both engines 
are placed together at the forward end of engines, steam revers- 
ing gear being used. All pumps are independent. The feed 
pumps are fitted with automatic control and connected to a feed 
heater. The dynamo is driven by. a two-crank, single-acting 
compound engine. There is an ash conveyor, patented by the 
owner. A steam warping windlass is fitted forward and a steam 
capstan aft. 
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ALBERT S. GREENE. 


Chief Engineer A. S. Greene was born in Adams, Jefferson 
County, N. Y., August 3, 1838. He was a graduate of the 
Rensselear Polytechnic Institute, Troy, N. Y., receiving the de- 
gree of Civil Engineer. He entered the Navy asa Third Assist- 
ant Engineer, February 17, 1860; was promoted to Second 
Assistant, October 29, 1862; to First Assistant, March, 1, 1864, 
and on March 5, 1871, was commissioned a Chief Engineer. 

His tour of sea duty comprised about twelve years of cruising 
on many vessels, chiefly in the Pacific. He was Chief Engineer 
of the ill-fated Vandalia during the hurricane at Apia, Samoa, 
March 16, 1889. 

His last cruise was on the North Atlantic Station as Chief 
Engineer of the Charleston, then fitting out for the Pacific Sta- 
tion. He was detached from the Charleston and placed on the 
Retired List on August 9, 1893, having the relative rank of 
Commander. 

During the war, he was attached to the office of the Engineer- 
in-Chief of the Navy in the Navy Department. Mr. Greene, 
besides his other excellent qualifications, was a very good math- 
ematician. He was on special duty at the water works, Hot 
Springs, Ark., superintending the installation of the plant for the 
Army and Navy Hospital at that place. He was twice a mem- 
ber of the Board of Examining Engineers at Philadelphia. 

Mr. Greene died at the ‘“ Cairo,’ in Washington, D. C., on 
Sunday, March 8, 1896. 


CHARLES H. BAKER. 


Chief Engineer Chas. H. Baker was born in Salem, Mass., Jan- 
uary 16, 1831. He entered the Navy as a Third Assistant En- 
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gineer, August 2, 1855 ; was promoted to Second Assistant, July 
21, 1858; to First Assistant, August 3, 1859; and commissioned 
a Chief Engineer, October 29, 1861. He attained the relative 
rank of Captain on February 28, 1889. 

His six years of service up to the outbreak of the war was all 
performed at sea in the East Indian and African squadrons and 
on the Paraguay expedition. During part of the war he was on 
the Wachusetts, on the Atlantic Blockading Squadron. While 
assisting in the medical relief of the sick prisoners at City Point, 
Virginia, in May, 1862, he was captured and held as a prisoner 
of war for three months. From 1878 to 1881, he was Fleet En- 
gineer on the Asiatic Station. His last cruise was on the Lan- 
caster. 

During Mr. Baker's tours of shore duty, he was a member of 
several special boards and of the Experimental Board, was head of 
Department of Steam Engineering at the Naval Academy and at 
Navy Yards. His last duty before retirement, which occurred on 
January 16, 1893, was at the Norfolk Navy Yard. Mr. Baker was 
always held in high esteem by his professional brothers. 

Mr. Baker died at his residence in Washington, D. C., on 
Wednesday, May 6, 1896. 
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“PRIZE PAPERS” RESOLUTION. 


The following resolution was adopted at the annual meeting, 
January 11, 1896, and ordered to be printed : 

Resolved, That it is the sense of this meeting that the Council 
of the Society of American Naval Engineers should offer annu- 
ally the sums of $75 and $25, and appropriate medals for the 
two best papers on any subjects suitable for the JouRNAL, and 
written by a member or associate member of this Society, sub- 
ject to the following rules: 

1. Papers must be original and submitted to the Secretary and 
Treasurer before the first of November of each year. 

2. The Council of the Society shall judge the value of the 
papers submitted and award the prizes to the two best, and 
“ honorable mention” to such other papers as deserve this. 

3. Papers receiving the award of “ honorable mention” shall 
be considered the property of the Society for publication in the 
JourNAL. 

4. All papers submitted shall bear a motto of the author, 
which motto shall be identified by a separate, sealed communi- 
cation to the Secretary and Treasurer, giving the author’s name 
and motto. These notes of identification shall be kept by the 
Secretary and Treasurer, and opened only after the Council has 
given its judgment on the papers. Then the prizes and “ hon- 
orable mention” shall be awarded by name and the papers pub- 
lished in the JouRNAL. 
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ADVERTISEMENTS. 


MORISON SUSPENSION FURNACES, 


FoR — 


LAND AND. MARINE ._BOILERS. 


UNIFORM THICKNESS — EASILY CLEANED ——U¥ENCELLED FOR STRENGTH. 
Also, FOX CORRUGATED FURNACES. 


THE CONTINENTAL IRON WORKS, 


P. O. Station G. BROOKLYN, , N. Y. 


CROSBY STRAM GAGE AND VALVE 
Sale Manufacturers of the 
Crosby Steam Engine:! 


INDICATOR. 


Approved and adopted by the U. S. Govern. 
aent. It is the standard in nearly all the great 
Electric Light and Power Stations of the United 
_Dtates. It is also the standard in the principal 
“Navies, Government Ship-Yards, and the most 
eminent Technical Schools of the world. 

When required, it is furnished with Sargent’s 
Electrical Attachment, by which aay num- 
ver of di from Comp d Engines can 
oe taken | simultaneously. 


Crosby Improved Steam Gages, Pop Safety Valves, Water Relief Valves, 
Patent Gage Testers, Safe Water Gages, Revolution Counters, 
ORIGINAL Single Bell Chime Whistles and other Standard 

_ Specialties used on Boilers, Engines, Pumps, etc. 


Main Office and Works: Boston, Mass., U. 8. A. 


Branches : New York, Chicago, and London Eng. 
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A. SCHRADER'S SON, 


MANUFACTURERS OF IMPROVED 


SUBMARINE ARMOR 


AND 


DIVING APPARATUS, 


32 ROSE STREET, NEW YORK. 


NEWPORT NEWS 


WORKS AT NEWPORT NEWS, VA. 
(ON HAMPTON ROADS.) 


Equipped with a Simpson’s Basin Dry Dock, capable of docking 
a vessel 600 feet long, drawing 25 feet of water, 
at any stage of the tide. 


REPAIRS MADE PROMPTLY AND AT REASONABLE RATES. 


- SHIP AND ENGINE BUILDERS - 


For Estimates and further particulars, address 


C. B. ORCUTT, Pres’t, No. 1 Broadway, New York. 
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SCHAFFER & BUDEN BERG, 


MANUFACTURERS OF THE 


IMPROVED THOMPSON INDICATOR. 


Adapted for all speeds, unsur- 
passed for Reliability and Excel- 
lence of Workmanship. Sold at 
a Moderate Price. 


TACHOMETERS. 
Pressure Gauges for all Purposes, 
Engine Counters and Registers, 
Marine Clocks, Thermometers. 


The Peerless and Manhattan Automate Injectors 
Reducing and Regulating Valves, &e, 


WRITE FOR CATALOCUE 
Works, BROOKLYN, N.Y. 


SALESROOMS: 


No. 22 W. Lake S‘reet, Chicago. 
No. 66 John Street, New York. 


REG.TRADE MARKS | THE PHOSPHOR BRONZE SMELTINGCO.|IMITED, 
|2200 WASHINGTON AVE.,PHILADELPHIA. 
“ELEPHANT BRAND PHOSPHOR-BRONZE 
INGOTS,CASTINGS, WIRE,RODS, SHEETS, etc. 

— DELTA METAL— | 


CASTINGS, STAMPINGS FORGINGS. 
ORIGINAL ANO Maxers in THE U.S. 
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ADOPTED FOR 


U.S. GUNBOATS 
Nos. 7, 8 9. 


OTHER USERS INCLUDE— 


Newport News Ship Bli’g & D. D. Co., 
Apollo Irun.and Steel Co., 
Cambria Iron Co , 
‘Tinois. Steel Co., 
onongahela Furnaces, 
io Steel Co., etc., etc. 


COCHRANE 


For Taking WaterOut of Live Steam. 
For Taking Oil, east Exhaust Steam. 


HARRISON SAFETY:BOILER WORKS, 


Manufacturers, PHILADELPHIA, Pa, 


UNION 


SAN FRANCISCO, CAL,, 


SHIP and ENGINE BUILDERS. 


+ 


HYDRAULIC DRY DOCK. 
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Tensile strength one-inch rods upwards 
of 79,000 Ibs. per sq. inch. 
Torsional strength equal to the best 
Machinery Steel. 


NON-CORROSIVE IN SEA WATER. 


Round, Square and Hexagon Bars for bolt forgings, 
&c., Pumps Piston Rods, Yacht Shafting, Ship Sheath- 
ing, Spring Wire, Rolled Sheets and Plates for Pump 
Linings, ‘‘ondenser Tube Sheets. Hull Plates for 
Yachts and Torpedo Boats, etc. 


CAN BE FORGED AT CHERRY RED HEAT. 


ANSONIA BRASS AND COPPER CO, 


SOLE MANUFACTURERS. 
Send for Circular. 19 and 21 Cliff Street, NEW YORK. 


REGRINDING VALVES 


LUNKENHEIMER'’S Fiange and 
Screw End Globe, «ngle, C:oss and 
Check Valves are intended for extra 
heavy pressures, and specially designed 
for Marine purposes, Made of standard 
composition, carefully inspected and 
tested, and fully warranted. Provided 
with Gland Stuffing Box, and permitting 
repacking of same under pressure. The 
swivel or union style of connection of 
the bonnet to the body of valve makes 
the entire valve much stronger than the 
usual patterns | with inside thread on the 
body), as the ring screwing over the neck of the body acts like a tie or 
binder. This connection also prevents “cementing” of bonnet to body ; 
thus the valve can always be easily taken apart. For further particulars, 
dimensions, prices, etc , send for Pocket Catalogue of a Complete Line of 


Superior Steam Specialties. THE LUNKENHEIMER CO. 


BRANOHES: General Offices and Factories, 
THE LUNEENHEIMER C0., | THE LUNEEN VALVE CINCINNATI, 0., 0. A. 
51 John Street, 35 Great Dover St , 


NEW YORK. LONDON, S. E. 
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WORTHINGTON PUMPS 
MARINE SERVICE 


Horizontal Boiler-Feed Pumps 
Vertical Boiler-Feed Pumps 
Tank Pumps Low Service Pumps 
Bilge Pumps 
Sanitary Pumps 
Circulating Pumps Ballast Pumps 
Air and Circulating Pumps 
Wrecking Pumps Independent Condensers 


HENRY R. WORTHINGTON 
86 and 88 Liberty Street NEW YORK 


THE EDDY VALVE CO... 


WATERFORD, Y. 


GATE VALVES 


OF ALL KINDS 
FOR 


Steam, Gas, Water, Oil, &. 


) Fost Valves, 
Check Valves, 

Fire Hydrants, 
Yard Hydrants. 
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OFFICERS OF THE 


President: 
Chief Engineer BE. D. Roste, U. 8. Navy. 
; Secretary and Treasurer: 
"Passed. Assistant Engineer G. Bina, U. 8. Navy.’ 


Chief Engineer E. Ropiz, U. S. Navy, 

Passed Assistant Engineer Frank H Barber, U.S. Navy, 
Passed Assistant Engineer F, C. Brea, U. 8. Navy. ‘ 
Passed Assistant Engineer B. C. Bryan, U. S. Navy. 
Passed Assistant Engineer C. W. Dyson, U. 8. Navy. - 
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Make cheques, drafts and postal orders payable to 


AMERICAN SOCIETY OF NAVAL ENGINEERS. 
Make postal orders payable at Station Washing- 
ton, D. c. 
Adverticing rates will be furnished on ; 


It is earnestly requested that prompt information be given of hae im +4 
address, or of failure to receive the JOuRNaL. . 


‘ all communications for the Society 
AMERICAN SOCIETY OF NAVAL ENGINEERS, 
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The subscription price of the Journal is $5.00 per annum, payable in advance. a 
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